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ON LOCAL AND GENERAL IMMUNITY} 


FREDERICK P. GAY 
Department of Bacteriology and Experimental Pathology University of California 


Received for publication April 20, 1922 


There is considerable evidence that natural resistance, and 
whatever grade of active acquired immunity may exist against 
streptococcus infections, is due to a mechanism that differs from 
that which is operative in many other bacterial infections. It 
seems likely that ignorance of what constitutes this difference 
accounts to a large extent for the failure to obtain any strikingly 
successful results in the prevention or cure of any of the mani- 
fold forms of streptococcic disease. 

There seems to us an increasingly generalized acceptance of 
the main points of Metchnikofi’s phagocytic theory of immunity, 
at least in the following features: the majority of bacteria that 
invade the animal body are dealt with first by the mobile and 
ubiquitous polymorphonuclear leucocytes. These phagocytes 
either act alone or in conjunction, particularly in conditions of 
acquired immunity, with the tropinizing substances present in 
serum. There seem, however, to be instances of immunity in 
which neither of these two factors seem particularly operative. 
Natural resistance as represented by phagocytes is not sufficient 
alone to protect the body, let us say, against normally virulent 
typhoid bacilli; phagocytes have no increased destructive power 
for the bacillus after recovery from typhoid fever, antibodies soon 
disappear, and yet a most marked resistance to typhoid infection 
is present. We have been accustomed to explain an instance 
such as this as due to tissue immunity. 

There would seem to be no consensus of opinion as to how either 
the normal or the immunized animal disposes of streptococci. 

1 Presidential address before the American Association of Immunologists, 
Washington, May 1, 1922. 
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The problems may or may not be identical, but we do at least 
know this, that normal animals are able to dispose of a certain 
number of avirulent organisms, and actively immunized animals 
or animals that have received immune serum are able to dispose 
of even virulent streptococci. The early investigations in this 
field would attribute the predominant importance to the phago- 
cytes. Metchnikoff in his original confirmation of Fehleisen’s 
work on the production of experimental erysipelas attributed the 
disposal of the cocci in the lesion to the intervention of polymor- 
phonuclear leucocytes, although he here for the first time brings 
out the importance of the mononuclear cells or “macrophages” 
in disposing eventually of the polymorphonuclears that have 
ingested the bacteria. The subsequent work of Bordet, Tchis- 
towitch and others would likewise lay emphasis on the phagocytes, 
both in active and passive streptococcus immunity. Reudiger has 
apparently demonstrated that leucocytes and bone marrow cells 
destroy a certain number of avirulent streptococci, whereas other 
body cells donot. Denys and LeClef attribute protection against 
recurrent erysipelas in the rabbit ear to a more successful degree 
of phagocytosis by polymorphonuclears. 

Another group of more recent articles would tend to minimize 
the importance of microphages in the destruction of streptococcus. 
Baumgarten makes the definite statement that polymorphonu- 
clears have no function in disposing of these microérganisms, and 
regards antibodies alone as operative in erysipelas. He does not, 
however, give any particulars as to the mode of action of these 
suppositious bodies, which indeed under the conditions he de- 
scribes are not likely to be at hand. We have already referred 
to the observations beginning with Metchnikoff and reiterated 
more concretely by MacCallum that the mononuclear cells are 
predominant in lesions of erysipelas. Zangemeister and Gans 
have called attention to the important prognostic significance of 
the mononuclear response when streptococci of varying patho- 
genicity are injected by various routes into monkeys. The 
accumulation of cells of the macrophage type is likewise indicated 
by their occurrence characteristically in streptococcus myositis 
(Rosenow and Ashby) and similar cells more clearly described 
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by Cecil in myocardial and in joint infections which develop 
apparently from the vascular endothelium. 

There would seem, then, to be a gradually increasing conjec- 
ture—it can scarcely be called more—that macrophages, which 
we interpret to mean primarily cells of fixed tissue and often 
local origin, are in some way connected with prolonged and some- 
times healing processes in streptococcus infection. These indi- 
cations of macrophage intervention do not rule out such observa- 
tions as those of Weil, who by a process of exclusion comes to the 
conclusion that the fixed tissue cells rather than any material 
present in the blood serum is responsible for streptococcus re- 
sistance. The more concrete and recent observations of Hopkins 
and Parker show that when streptococci are injected into the 
circulation of cats they are found more numerously in the lung, 
where they are killed in from five to eight hours. This local 
bactericidal property would seem to be dependent on the living 
cells and not on their extracts. Similar results have been ob- 
tained by Bartlett and Osaki with staphylococci. The early 
observations of Wyssokowitsch also pointed to the importance of 
phagocytosis by endothelial cells. This last observation is 
further corroborated by Hopkins and Parker. No very certain 
explanation as to whether the increased resistance of immunized 
animals is due to the same mechanism as this one described by 
Hopkins and Parker is available. 

The most recent and significant observation on streptococcus 
immunity has, we believe, been made by Levaditi, who found 
that war wounds which are infected with streptococcus tend to 
clear up at irregular intervals. In a wound from which the 
micro6rganisms have disappeared there is found the property of 
destroying rapidly considerable numbers of the streptococci that 
had previously infected it. When the infected bandages from an- 
other wound on the same individual that has not become sterileare 
applied to the wound that has become sterile, the microérganisms 
rapidly disappear. If, however, cultures of streptococcus from 
another source are applied they do not disappear so rapidly. 
This, in our opinion, points not simply to a specific destruction 
of bacteria by the cells present in granulating wounds, but to a 
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localized function present in one wound and not in another in 
the same body. This suggestion reaches back into the more 
general question of the actual existence of a local as compared 
with a general immunity. 

In discussing the question of proof for or against existence of a 
strictly local, as contrasted with a general, form of immunity, it 
would seem that in this connection no sufficiently careful separa- 
tion has been made between the two main types of immunity; 
namely, active and passive. The form of local protection, which 
has been so aptly termed by Wassermann and Citron, ““Umstim- 
mung” or “retuning” of the tissues, so that they react in a new 
fashion, is what we understand by local immunity. In other 
words, it is an active process on the part of individual groups of 
cells, and our interest in this connection lies in an attempt to 
determine whether this ““‘Umstimmung” may exist in one part 
of the body as against other parts. When we analyze the work 
that has been done in an attempt to prove the existence of local 
immunity, we agree with Hektoen that most of it, including the 
very work of Wassermann and Citron, on which this “retuning” 
conception was based experimentally, is not strictly demon- 
strative. The work of Roemer on local corneal immunity to 
abrin, of Von Dungern on crab plasma, of Miyashita on the cor- 
neal production of hemolysins and particularly the experiments 
of Wassermann and Citron, do nothing but evidence the localiza- 
tion in certain areas of antibodies from the general circulation, 
which is indicative, in other words, of a local mobilization of a 
general form of protection. In addition to this interpretation 
of their results, strong criticism on the experimental methods 
involved have been made by Hektoen, with whom we heartily 
agree. In a similar manner the active immunization of children 
against diphtheria toxin by local application to the nasal mucosa 
by Dserzgowsky and by Blumenau are further instances of the 
same mechanism. Hektoen was further unable to prove the 
local formation of hemolysins and Mutermilch was equally con- 
vinced that there is no local formation of antibodies to trypano- 
somes after intrapleural inoculation. 

A very early and real indication of what we understand by 
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local immunity was apparently obtained by Loeffler in 1881. 
To quote from Miyashita, Loeffler found that the inoculation of the 
organism of mouse septicemia in the rabbit produces a fatal infec- 
tion on subcutaneous inoculation and a local keratitis on corneal 
inoculation. It would seem, however, according to Loefiler, 
that if the animal is inoculated on the right ear and then eight 
days later on the left, no reaction occurs. The cornea, however, 
is not protected until the third week, which coincides with ap- 
pearance of generalized immunity. It would seem here then that 
we have an area of rather localized protection occurring before 
general protection, and subsequently the protection of more 
remote localized areas, is assured. The remarks of Koch in criti- 
cism of Pasteur’s method of anthrax immunization would seem 
to appear significant in this connection. Koch found that al- 
though sheep immunized against anthrax by subcutaneous inocu- 
lation are protected against artificial subcutaneous inoculation 
of anthrax, they are less thoroughly protected against ingestion of 
anthrax spores, which is at least one of the ordinary methods of 
natural infection. 

Besredka (1, 2, 3, 4) has recently reported some most inter- 
esting studies, which bear directly on this question. His ob- 
servations concern first of all infections with typhoid and with 
paratyphoid ¢ organisms in rabbits (2). He found that although 
rabbits can not normally be infected by ingestion of typhoid 
bacilli and at least of certain varieties of paratyphoid 6, they 
can be rendered more susceptible by previous ingestion of ox bile, 
so that they die within a few days with intestinal lesions that are 
said to resemble those in human typhoid fever. So far the ob- 
servations have been confirmed by Zingher and Soletsky. Bes- 
redka’s further observations are of even greater importance; they 
have, we believe, received no confirmation, and are denied by the 
last quoted investigators. The author claims that although 
living paratyphoid 6 organisms given per os produce no infection 
or immunity in rabbits if he treats the cultures with bile or gives 
an animal bile before the cultures by the mouth, agglutinins are 
formed and the animal is protected against intestinal infection 
in the manner above indicated. In subsequent papers Besredka 
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has apparently shown that organisms that are very pathogenic 
for rabbits by the intestine or intravenously, such as paratyphoid 
@ and B. abortus, may be given in larger doses by the trachea (3). 
The susceptibility even by this route is lowered by the previous 
inoculation of bile and recovery from an original injection of the 
cultures is followed by an increased general resistance of the animal 
even to intravenous infections and is accompanied by the pre- 
sence of antibodies in the circulation. In these papers he further 
suggests the possibility that the local resistance in the trachea 
has been increased, although the experiments themselves do 
not definitely prove it. In still further continuation of this 
work Besredka (4) has shown that infection of guinea pigs by 
means of b. anthracis can be prevented most efficiently by im- 
munizing the skin rather than the body as a whole. Intracu- 
taneous injection or rubbing the cultures into a shaved skin 
produces a local lesion, but not a general infection, as is produced 
by subcutaneous inoculation. The animals are, however, sub- 
sequently well protected against infection by any route. Bes- 
redka regards this as a form of strictly local immunization. 
Protection of the skin results, according to him, in closing the 
normal portal of entry of the anthrax bacillus. Indeed he would 
regard entrance through this portal as essential in producing 
infection. He makes the surprising statement that a general 
septicemia can not be produced by local inoculation into the 
peritoneum or circulation unless the infection first passes through 
the skin. Skin immunity then, to judge from his explanations 
at least, if not from his experiments, is essential in immunizing 
against anthrax. It may be produced as a sequel to a condition 
of general immunity, but is more readily and less harmfully 
effected by inoculation into the superficial layers of the skin. 
These observations recall again the statement of Koch in criticism 
of Pasteur’s immunization against anthrax in sheep, to which a 
reference has been made. 

The whole question of the local reactions of so-called hypersus- 
ceptibility which occur in immunized and infected animals passes 
through the mind at this point. Certain of these tests, such as 
the typhoidin reaction, the Jenner reaction of re-vaccination and 
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perhaps the tuberculin reaction, I have already discussed in their 
prognostic sense (Gay), as indicative of protection rather than as 
simple diagnostic signs. Levaditi (2) has recently shown that 
the intensity of the local reaction to killed streptococci in patients 
recovering from streptococcic wounds varies directly with their 
ability to heal them. Are these local reactions true instances of 
anaphylaxis (Calmette)? Is local hypersusceptibility different 
from general hypersusceptibility in the sense of Zinsser? And 
furthermore, what is the relation of anaphylaxis, either general 
or local, to general or local immunity?—But you see where such 
a discussion will lead us, and we had better restrict ourselves to a 
more limited field. 

We have, we believe, found the method at least by which the 
question of the existence of local immunity may be settled. I 
think, moreover, that we have proceeded to a measurable degree 
in proving that local immunity does exist in streptococcus in- 
fections. For some years we have been working with the local 
lesions in rabbits produced by injection of a strain of Streptococcus 
pyogenes originally isolated from a case of human empyema. 
This strain of streptococcus, as isolated and as preserved by fre- 
quent transfer on a blood agar medium, has little pathogenic prop- 
erties for rabbits. It does, however, in large doses and some- 
what irregularly, produce a purulent exudate when injected 
directly into the rabbit pleura. By means of frequent passage 
through the pleural cavity, the organism became enhanced in 
virulence, so that a very small amount (0.001 cc.) of this passage 
pleural culture will regularly produce a fatal empyema. The 
virulence, moreover, may be maintained at this point by conser- 
vation of the culture in the pleural fluid. This passage pleural 
culture not only produces pleurisy regularly, but kills rabbits of 
general septicemia, when given intravenously, and produces either 
death or a recoverable form of erysipelas when injected intrader- 
mally. In other words, the general pathogenicity is increased 
without a localized selective affinity. The fatal dose by the 
pleura, both with the original stock culture and the passage cul- 
ture, is much less than by the other routes mentioned. 

In recent months the study of the experimental erysipelas pro- 
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duced by the passage culture, but not by the stock culture, has 
interested us exceedingly. Experimental erysipelas was first 
studied with pure cultures of streptococcus by Fehleisen and 
subsequently by a number of observers, notably Roger, Denys 
and Leclef, Cobbett and Melsome. It was also shown by some 
of these investigators, beginning with the work of Meierowitsch, 
that some form of immunity against erysipelas follows recovery 
from this experimental infection. The exact conditions surround- 
ing this resistance have never been clearly worked out and indeed 
no apparent interest has been taken in this experimental lesion 
for many years. With the passage culture of fixed virulence we 
can produce erysipelas regularly with a dose of 0.1 ce. of a twenty- 
four-hour broth culture. The animal recovers perfectly, al- 
though twice this dose leads to a fatal septicemia. Recovery 
from erysipelas protects an animal completely against re-inocu- 
lation intradermally elsewhere on the body. It does not, however, 
protect the animal against intravenous inoculation with the same 
dose, and it should further be mentioned that the minimal lethal 
dose is practically the same intravenously as is the symptomatic 
dose intradermally. The converse of this is also true. Intra- 
venous inoculation of sublethal doses protects the animal against 
intravenous inoculation, but not against intradermal inoculation. 

A similar set of conditions is strongly indicated from our at- 
tempts to produce protection against intrapleural inoculation, 
where, however, the proof is not so definite as yet, owing to the 
extreme susceptibility of rabbits when inoculated by the intra- 
pleural route. We have hitherto in most experiments used too 
many multiples of the lethal dose to demonstrate the desired 
effect. But in several experiments at least it has been possible 
to show that a given harmless dose of the stock culture, when 
administered intrapleurally for immunization purposes, will 
protect against intrapleural infection, whereas the same dose 
given intravenously will not protect; and the reverse of this 
effect is also apparent. Intravenous immunization protects 
against intravenous infection, but the same amount of immuniza- 
tion intrapleurally does not. 

Experiments along this line will, we believe, lead to the dem- 
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onstration of true local immunity, which, we believe, from the 
references that we have quoted is of considerable importance in 
streptococcus infections. It appears evident, moreover, that an 
appreciation of the local nature of some forms of acquired re- 
sistance to bacteria may eventually be of service in improving 
our method of combating localized infections. 
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In the original publication of von Dungern and Hirschfeld, 
and in my recent articles on the subject, there is sufficient evi- 
dence to prove the Mendelian nature of the inheritance of the 
human blood groups and to demonstrate the mechanism as 
depending on the dominance of agglutinogen B over absent B 
and of agglutinogen A over absent A. 

For this reason, and in order to make my former presentations 
as simple as possible, I there omitted the comparison of the 
percentages of different groups actually found with the percent- 
ages to be expected from the mendelian law. However, as this 
comparison, though not essential, is of some value as addi- 
tional evidence, and as so little is yet known about the in- 
heritance of any normal human characters, I wish to set forth 
this comparison with regard to the 255 persons presented in my 
article. 

In order to avoid repetition I will refer the reader to my last 
paper (1) for the facts on which the present article is based. 
Instead of the terminology A, not A, B, not B, used in my former 
publications (2), I will use the terms A, a, B, b, for the dominant 
and recessive qualities, since the latter terminology is simpler 
and is in general use by students of genetics. 

The study of human heredity is beset with certain difficulties 
which do not occur in studying the heredity of the lower animals 
and the plants. 

If we could start with equal numbers of pure AA and pure aa 
individuals the numbers of AA, Aa and aa to be expected would 
follow the mendelian formula 1:2:1. If we could start with any 
known numbers of AA and aa persons it would be easy to calcu- 
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late by cross multiplication of germ cell ratios the proportions to 
be expected. 

But though we can count the number of persons who show A 
and who show a, we do not know the proportion of the respective 
kinds of germ cells because we do not know how many of the 
persons showing A are.pure AA and how many are hybrid Aa. 

This can be determined approximately, however, according 
to the very ingenious method adopted in von Dungern and 
Hirschfeld’s paper (3), by calculating backward and finding what 
proportion of pure AA, hybrid Aa, and pure aa, in preceding 
generations would give the proportion of A and a found in the 
present population. 

This was done by von Dungern and Hirschfeld for their statis- 
tical material in an empirical manner, by trying at random vari- 
ous proportions of AA, Aa, and aa, and multiplying out the 
expected progeny until they found such a proportion as would 
keep the actual ratio of apparent A and a individuals produced 
approximately permanent in successive generations and equal 
to that actually found. Thus A and a were about equal in num- 
bers in their material; they found that a ratio of LAA:4Aa:5aa 
would result in 9AA:42Aa:49aa in the next generation, and in 
the next, 3,600AA:168,000Aa:196,000aa; i.e., about the same 
proportion in each generation. (These figures they arrived at 
by computing the ratios of the total number of A germ cells and 
of a germ cells. Thus with 1AA:4Aa‘5aa, there will be 6A to 
14a germ cells, and the offspring will (see diagram) be 36AA: 
168Aa:196aa (a ratio of 9:42:49 or nearly 1:4:5.) 


Sperm 
6 14 
Ova ee eee gfecds ae bata mao eit 
6A 36 AA 84 Aa 
14a 84 Aa 196 aa 


This empirical method of trial and error is laborious and the 
same result can more quickly be reached by a simple algebraic 
calculation. As this may be of use in future to other persons 
who wish to determine the agreement of their actual with their 
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theoretical findings I present the calculation here as applied to 
my material. (The proportions of the groups in von Dungern 
and Hirschfeld’s material is quite different from that in my 
material.) My cases show: group I, 111 persons; group II, 87 
persons; group III, 35 persons; group IV; 12 persons. 

That is, there are apparent 99A persons (group II and IV) to 
146a (not A) persons (groups I and III) a ratio of approximately 


DE: Note Fetes | 
The problem is to find out what proportion of individuals of 
constitution AA, and what of constitution Aa, there must be 


among the A persons in order that the succeeding generations will 
always show the same ratio 


A at: 2 3} 
If we call the ratio of AA to Aa, x:y, then the proportion of aa 


occurring will be 2 (x+y), (since the total number of a individuals 
is 3 of all the A individuals); i.e., 


x:y:% (x+y) :: AA: Aa: aa. 


From this, the relative number of germ cells A and a produced 
by this generation will evidently be 
A = (2x + y) 
a=2Xé(x+ty) +y= (@x-+ 4y) 


If we multiply these out as indicated in the diagram 


Sperm 
(2x+y) (8x + 4y) 
ELS Te. A Brannan & 
Ge (2x + y) A AA Aa 
(3x + 4y) a Aa aa 


we find that the resulting offspring are: 
Ae, Oxy)" 
Aa, 2(2x+y) (8x -+ 4y) 
aa, (3x +.4y)? 
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Since the ratios of AA: Aa:aa in the two generations are, accord- 
ing to supposition, equal, we can set them so: 


( x:y:% (t+ y):: @x+y)?: 2(2x + y) (8x + 4y) : @x + 4y)? 


We can easily solve this for x in terms of y. Thus using the 
last two terms on each side of proportion I 


You = 72x Taye ss 
SG spy) (8x + 4y)? 
which simplifies to 
Yul exe y 


oe 3(x-+y) (8x + 4y) 


Multiplying out and solving for y in terms of x we get 


y = x X 6.87 (approximately) 


Therefore 
AAY Na. 298, *3 1 226 Giese OO 
(or roushly 1) </7 2412) 


From this we can now calculate the proportion of group I children 
to be expected from marriages of two group II persons by the 
method used by von Dungern and Hirschfeld. 

According to the mendelian principle the recessive quality, a, 
can only be apparent in the offspring when it is present in both 
parents, and then it will appear in ; of the offspring. . 

The chance of one group II (1.e., A) parent being in constitu- 
tion Aa is according to the above, #34 and the chances of both 
parents being so are therefore #34 xX #34. So that the chances 
for group I (i.e., a) children are 

687 687.1 ae 

737 x 737 x Fae 19 per cent (approximately) 
That is from A-A marriages (in my statistical population) the 
expectation of a (group I) children is 19 per cent and of A (group 
II) children 81 per cent. There were actually found 4a and 19A, 
or 17.4 per cent a and 82.6 per cent A. 
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For marriages of groups I and II the proportion of I and II 
(i.e., of a and A) children can be calculated as follows: 

Of all group II persons (in my population), $47 = 87.3 per cent 
are hybrid (i.e., Aa in composition) while +3? = 12.7 per cent 
are pure AA, 

Since all the children of the pure AA-aa marriages must show the 
quality A, 12.7 per cent of all children from I-II marriages must 
show A. In addition since Aa compose 87.3 per cent of the 
group II population and according to the mendelian principle 
the children of Aa-aa unions will show A in half the cases, a in 
the other half, one can expect *4* per cent = 43.6 per cent A 
(group II) from this cause. 

Or, the total of group II (A) children to be expected from I-II 
unions are 12.7 + 43.6 = 56 per cent, and of group I (a) children 
44 per cent. 

There were actually found 24A and 28a, or 46 per cent and 54 
per cent, respectively. 


In a similar way the calculation is carried out for the marriages 
of persons having B (chiefly group III). In my material there is 
a total of 47 B (groups III and IV) persons as against 198b 
(not B, i.e., groups I and II) persons or B:b::1:4 (roughly). 

To find out what proportion of the B (group III) individuals 
must be BB and what Bb, if succeeding generations are to show 
B:b::1:4, let usset BB = q, Bb = r. 


(III) Then BB. Bie bbi:3 qr 2 4°@ + yD 


From this the proportion of B germ cells will be (2q + r) and 
of b germ cells will be (8q + 9r). Calculating from this ratio of 
germ cells 


Sperm 
(2qg-+r) (8q + 9r) 
B b 
(2q + r) B BB Bb 
(8q + 9r) b Bb bb 


The proportion of individuals in the next generation will be: 
(IV) BB: Bb: bb:: Qq+1r)?: 22q+1r) (8q+ 9r) : (8q + 9r)? 
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Since (III) and (IV) are by supposition equal, 


Tes Gq t)- 
~. Aeq 4-1) (Sq: Or) 


which simplifies into 16(q? + qr) = r®%. Solving for q, 
(V5 — 2) 
Meee aes Wek aac + 4) =r X 0.06 (approximately) 
Or substituting in (III) the values 6 and 100 for q andr 
BB : Bb: bb:: 6: 100 : 424, (or roughly 1 : 16: 70) 


Reasoning as before the recessive b can only appear as the 
offspring of III-III unions when both parents carry it (i.e., are 
Bb), and then it will appear in { of the offspring. The chance 
for one parent being Bb is 10 and for both being so is 108 a me 

106 106° 106. 
Therefore the expectiation of b (group I) offsprmg from B-B 
(III-IJT) unions is 
a a x : = an = 22 per cent (approximately) 
and the expectation of B (group III) offspring conversely 78 per 
cent. There were actually 2b and 8B, or 20 per cent and 80 per 
cent respectively. 

A similar kind of reasoning gives us the proportion of B and of 
b children to expect from group I-III marriages. 

Of group III (or substance B) persons in my series 74, = 5.6 
per cent (approximately) are pure BB, 94.4 per cent are Bb. 

Of the 5.6 per cent BB, all the unions with group I (i.e. of 
BB-bb unions) will result in group III children only. 

Of the 94.4 per cent Bb, in union with group I (i.e. of Bb-bb 
unions) the children will be half B, half b. Hence the expectation 
94.4 — 
<= 
52.8 per cent and conversely of b (group I) 47.2 per cent. There 
were actually 23B, 19b, or 54.7 per cent and 45.3 per cent 
respectively. 

If we make a table of these calculated results and compare 


of B (group III) children from I-III marriages will be 5.6 + 
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them with the results actually found we see as good agreement 
as can be expected in so small a series. 


CHILDREN 


PARENTS Per cent expected Per cent found Numbers found 


AA (II-II and II-IV) ......| 81) 19 82.6] 17.4 19) 4 


Aa (II-I and II-III) ....... 56] 44 46.0) 54.0 24) 28 
ua, (LE and T-TET)....... 5... 0/100 0/100.0 0} 53 
BB (III-III and III-IV) .. 78.0} 22.0 80.0} 20.0 8} 2 
Bb (III-I and III-II).... 52.8} 47.2 54.7| 46.3 23) 19 


bb. @i-Tand: T-TE)e.c.sc 02 20: oreo. 0/100.0 0} 80 


The very close percentage agreements in the cases of A-A 
parents, of B-B parents and of Bb parents in view of the small 
actual numbers, can only be regarded as lucky accidents. The 
figures for A-a marriages do not show quite as close a corre- 
spondence between expected and actual percentage as do those of 
von Dungern and Hirschfeld. The complete agreement of the 
a-a and b-b figures of course is the most essential point in con- 
firmation of the dominance of A and B. 
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There is little accurate knowledge concerning the fate of foreign 
protein introduced into the body. It appears in the blood and 
in some instances is excreted in relatively small quantity in the 
urine but this method of elimination offers no satisfactory ex- 
planation of its long continued persistence in the blood nor of its 
final disappearance. Those who have studied the fate of protein 
introduced into immunized animals have found that the antigen 
enters the blood and some have observed no difference in rapidity 
of disappearance between the normal and the immune animal. 
The subject is one of broad interest for there is no line of separa- 
tion between relatively bland substances such as horse serum 
or egg white on the one hand, and on the other hand toxic sub- 
stances such as the serum of lower vertebrate and of invertebrate 
species and other products of the animal or vegetable kingdom. 

The subiect is further obscured by the uncertainty of present 
knowledge concerning the action of the precipitin of the immune 
animal upon its antigen when the two meet within the living 
body. Appropriate reactions indicate that precipitin and the 
antigen used to produce it may be present in the same serum 
though they fail to unite to form precipitate. During certain 
phases of immunization antigen injected into an animal makes its 
appearance in the serum and is demonstrable even though the 
serum possesses a high precipitin titre. Antigen and antibody 
appear to exist side by side in the clear serum and do not unite 
to form a precipitate. Some of those who have studied this 
phenomenon have come to the conclusion that antigen and anti- 
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body (precipitinogin and precipitin) do not unite in the living 
body to form precipitate. It has been the purpose of the present 
study to determine if the interaction of antigen and antibody 
observed in vitro occurs within the body and to determine if 
precipitation has a part in the fixation or elimination of foreign 
protein. 

In the supernatant fluid over a precipitate formed in a mixture 
of horse serum and serum of a rabbit immunized against horse 
serum Linossier and Lemoine (1) and Eisenberg (2) found both 
antigen and antibody demonstrable on the one hand by addition 
of antiserum and on the other by addition of antigen. In every 
precipitin reaction after an equilibrium has been established be- 
tween the two components of the system, antigen and antibody, 
according to Eisenberg, coexist in the fluid without combining 
and only by addition of fresh increment of either reagent can 
this equilibrium be disturbed. 

Other observers employing similar material have obtained 
identical results but von Dungern (3) using the serum of rabbits 
immunized against the blood plasma of crustacea and of mollusks 
found that both antigen and antibody could seldom be demon- 
strated in the supernatant fluid above a precipitate provided 
tests were made with the same antigen and antiserum used to 
produce the original reaction. V. Dungern has maintained the 
view that horse serum contains a variety of substances which act 
as antigens and produce corresponding antibodies. These anti- 
bodies are present in varying concentration in the serum of the 
immune animal and when horse serum is added to the antiserum 
one antibody may be completely fixed by its antigen whereas 
another antibody may be present in excess so that it remains 
uncombined. Similarly antigen may be present in excess of its 
antibody. The antigens and antibodies which coexist in the serum 
are not those which react with one another. Nevertheless a 
precipitin will be formed by the addition of horse serum contain- 
ing all of the substances which have acted as antigens and fur- 
thermore the addition of antiserum containing all of the antibodies 
which have been formed in response to the injection of horse serum 
will cause a precipitate. 
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When egg albumin and egg globulin were separated by chemi- 
cal means and used to immunize rabbits Weil and Coca (4) found 
that each of the resulting antisera acted strongly with its own 
antigen but very weakly with the other. Wells (5) has shown by 
means of anaphylactic reactions that five different antigens 
separable by chemical methods as ovomucoid, ovovitellin, albu- 
min and two globulins can be obtained from hen’s eggs. 

In the attempt to obtain an antiserum containing a single anti- 
body purified crystalline egg albumin has been used as antigen. 
Weil(6), who like previous observers had found that the superna- 
tant fluid over a precipitate formed by horse serum and anti- 
horse serum from rabbit contained both antigen and antibody, 
obtained entirely different results when crystalline egg albumin 
was employed. If this substance is mixed in varying propor- 
tions with the serum of a rabbit immunized against it and the 
resulting precipitates removed by centrifugalization, the superna- 
tant fluid may contain either antigen or antibody but never con- 
tains both. He has reached the conclusion that antigen and 
precipitating antibody do not coexist in the same fluid without 
undergoing union and precipitation. In accord with von Dun- 
gern he has believed that a multiplicity of antigens and of anti- 
bodies in horse serum explains the presence of both antibodies 
and antigens in precipitating mixtures. 

The observations of Weil are not confirmed by Bayne-Jones (7) 
who has employed as antigens pure edestin prepared from hemp 
seed and crystalline egg albumin. When the pure protein 
antigen has been mixed in different proportions with serum of a 
rabbit immunized against the same substance and the resulting 
precipitate removed by centrifugalization, phases in the reaction 
have been found in which the antigen and its precipitin have been 
coexistent but ununited in the supernatant fluid. 

The presence of both antigen and antibody in the serum of an 
immunized animal according to Zinsser and Young (8) cannot be 
explained by the laws of mass action applicable to the chemical 
change which occurs in a solution containing two dissociable 
substances for according to observations of Gay and Rusk, (9) 
confirmed by Zinsser and Young, the serum does not fix comple- 
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ment. Were the conception of mass action applicable to the 
reaction which occurs between precipitinogen and precipitin each 
of the two reacting bodies would be free and dissociated in the 
supernatant fluid and there would be a definite quantity of the 
united complex after equilibrium had been established. Zinsser 
and Young regard von Dungern’s complex conception of a multi- 
plicity of antigens and antibodies as unnceessary and find an 
analogy for the phenomenon in the reaction which occurs between 
a colloidal suspension of arsenic trisulphide and gelatin in the 
presence of gum arabic which acts as an inhibiting or protective 
agent, preventing precipitation of arsenic trisulphide. 


INTERACTION OF ANTIGEN AND PRECIPITIN IN VITRO; INHIBITION 
OF PRECIPITATION BY EXCESS OF ANTIGEN 


In order to determine the strength of an agglutinating serum a 
definite quantity of bacterial suspension is brought into contact 
with diminishing quantities of serum and the titre of the serum is 
the highest dilution which causes demonstrable agglutination. 
The method has not been found convenient for the measurement 
of the strength of specific precipitating sera so that it is the pre- 
vailing custom to estimate the activity of these sera by mixing 
a definite quantity of the immune serum with varying dilutions 
of the antigen used in its production. The strength of the serum 
is indicated by the highest dilution of antigen which produces a 
visible precipitate when mixed with an amount of serum repre- 
senting a large fraction (usually a fifth) of the volume of diluted 
antigen. 

In the attempt to obtain a clearer understanding of the relation 
of antigen to precipitating antibody increasing dilutions of im- 
mune serum have been mixed with increasing dilutions of anti- 
body. In the experiment recorded below equal quantities (0.5 
ec.) of different dilutions of horse serum in normal salt solutions, 
and of the serum of a rabbit (no. 214) which had been repeatedly 
injected with horse serum, were brought together; the dilutions 
present after mixture are indicated in the table and the relative 
amount of precipitate is shown by plus signs. 
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In this and subsequent tables zero (0) means no precipitate; 
a dash (—) indicates that no test was made. In this experiment 
dilutions of antihorse serum above 100 were tested after the re- 
sults with dilutions below 100 had been obtained. 

A maximum amount of precipitate has been obtained by 
bringing together immune serum diluted 1:5 with antigen diluted 
1:1000; an increase or decrease of the quantity of antigen de- 
creases the resulting precipitate. 

The experiment demonstrates (a) the inhibiting influence of an 
excess of antigen so that no precipitate is obtained when the 
strongest dilution of immune serum (1:5) is mixed with the 


TABLE 1 
ANTI-HORSE SERUM ee ata? 
FROM RABBIT 
1:10 1: 100 1: 1,000 1: 10,000 1: 100,000 
1:5 0 +++ alateataats Siecis 0 
1:10 0 + ete Saete 0 
1:15 0 + oleate oo 0 
1:20 0 + aan Sean 0 
1225 0 0 aPSF ++ 0 
1:50 0 0 se = 0 
1:100 0 0 0 -|- 0 
13125 - — = aE = 
ILEUS (0, _ _ — 0 _ 
1:200 _ — — 0 _ 
1:300 - _ _ 0 _ 


strongest dilution of antigen (1:10). With higher dilutions of 
antibody the inhibiting action of antigen is even more evident; 
with immune serum diluted 1:25 there is no precipitate with 
antigen diluted 1:100 and with immune serum diluted 1:100 
there is no precipitate with antigen diluted 1:1000. (b) The 
table shows that decreasing quantities of antiserum produce the 
maximum amount of precipitate when mixed with decreasing 
amounts of antigen; with a dilution of immune serum of 1:5, for 
example, maximum precipitation is obtained with antigen di- 
luted 1:1000, with immune serum diluted from 1:20 to 1:50 maxi- 
mum precipitation is found with antigen diluted from 1:1000 to 
1:10,000 and with immune serum diluted 1:100 maximum pre- 
cipitation is obtained with antigen diluted 1:10,000. 
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The experiment just described has been repeated with donkey 
serum and anti-donkey serum from rabbit (no. 289) diluted with 
normal salt solution. 

The table again shows on the one hand that excess of antigen 
inhibits precipitation and on the other hand that maximum 
precipitation with diminishing quantities of antibody is produced 
with diminishing quantities of antigen (the maximum in the 
table passes to the right from above downward). 


TABLE 2 
ANTI-DONKEY DONKEY SERUM 
SERUM FROM eee 
RABBLE 1:10 1: 100 1: 1,000 1: 10,000 1: 100,000 
1:2 +++ | +444 | +444 | 444 +++ 
1:5 aoe +++ | +4+4++ ++ ~ 
1:10 - - t+ ++ ~ 
1:15 - = +++ ++ + 
1225 0 se ae + + 
1:50 0 0 - + 0 
1:100 0 0 0 + 0 
TABLE 3 
SERUM OF RABBIT SOLUTION OF CRYSTALLINE EGG ALBUMIN (5 PER CENT) 
IMMUNIZED 

EMEP GES S ACRES GA | 

LINE EGG ALBUMIN 1:10 1:100 | 1:1,000 1: 10,000 1: 100,000 1: 1,000,000 
1:10 0 = +++ | ++ + + 
1-25 0 0 - ++ + -- 
1:50 0 0 + anes = 0 
1:100 0 0 0 + + 0 
1:200 0 0 0 0 -- 0 
1:400 0 0 0 0 + 0 


Identical results have been obtained when the foregoing ex- 
periment has been performed with a purified protein, namely, 
crystalline egg albumin (5 per cent solution) and serum of a rabbit 
(no. 418) repeatedly injected with the same substance. Crystal- 
line egg albumin has been prepared by the method of Hopkins 
and Pinkus (10) and has been recrystallized six times. 

The serum employed is unusually strong causing a recogniza- 
ble precipitate with a 5 per cent solution of crystalline egg al- 
bumin diluted with one million times its volume of salt solution, 
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namely, with 0.00000005 gram dissolved in 1 ce. of salt solution. 
The relation between strength of antibody and maximum precipi- 
tate with antigen is well illustrated; with immune serum diluted 
1:10 a maximum precipitate is obtained with antigen diluted 
1:1000, with serum diluted 1:200 the maximum precipitation 
has shifted to a dilution of 1:100,000. This observation suggests 
the possibility that the maximum precipitate obtained with 
various strengths may furnish a much more accurate measure of 
the strength of an immune serum than the point of disappear- 
ance of recognizable precipitation with increasing dilution of 
antigen. 

Before these experiments performed in vitro with antigen and 
precipitating sera diluted with normal salt solution are used to 


TABLE 4 
NO Ben EER HORSE SERUM DILUTED WITH SERUM OF NORMAL RABBIT 
FROM RABBIT 
DILUTED WITH NOR- 
MAL SERUM OF ; i ‘ 
RABBIT 1:10 1:100 1: 1,000 1:10,000 
1:5 0 tet clagleals Ben 
1:10 0 0 +4 au 
1:25 0 0 a 
1:50 = 0 0 =k 


explain relations found within the body, it is desirable to deter- 
mine if similar relations are demonstrable when normal serum of 
rabbit has been substituted for salt solution as a diluent. In 
the following experiment the attempt is made to determine how 
antibody and antigen react under conditions similar to those 
present in the blood. 

Excess of antigen inhibits precipitation in the presence of blood 
serum; and in consequence of this relation precipitates are ob- 
tained when high dilutions of antibody are employed only when 
mixed with high dilutions of antigen. Since the table differs in 
no essential character from those previously recorded it may be 
assumed that the relations of antigen and antibody are the same 
in serum and in salt solution. 
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SOLUTION OF PRECIPITATE BY EXCESS OF ANTIGEN 


An excess of antigen is capable of dissolving the precipitate 
formed by the action of the specific precipitating serum used for 
its production. This solvent action has been noted by several 
observers (Gay and Rusk). It is possible that it explains the 
absence of precipitation in the presence of strong solutions of 
antigen whereas precipitation occurs in the presence of higher 
dilutions. With this possibility in view the attempt has been 
made to measure the solution of precipitate by its corresponding 
antigen. Experiments described in the next section of this paper 
will show that an accurate measurement of the solubility of a 
precipitate is possible only when a simple antigen such as crystal- 
line egg albumin is employed. 

To test the solubility of precipitate in excess of antigen a 
constant quantity of immune serum (0.2 ec.) has been added to 
increasing quantities of antigen (crystalline egg albumin in 5 
per cent solution) diluted to a volume of 1 cc. with normal salt 
solution (tubes A, B, C, D, E and F). The series with the ex- 
ception of the first tube has been duplicated (tubes b, c, d, e and 
f). The mixtures are placed in the thermostat and kept there 
one hour. At the end of this time both sets of tubes are removed. 
To each tube in the first set is added 1 cc. of salt solution. To 
each tube in the second set is added an amount of antigen re- 
quired to increase its total antigen to that of the tube immediately 
above it in the series, the added volume being brought to one 
cubic centimeter by addition of normal salt solution. The tubes 
are again kept in the thermostat during one hour, transferred to 
the refrigerator and read on the following day. 

When the tubes were removed from the thermostat after the 
first incubation and before addition of antigen to the second 
series the precipitate present was identical in corresponding tubes 
(namely B and b, C and ¢, etc.) and was approximately the same 
as that found after refrigeration in the first series to which no more 
antigen was added. Increase of antigen in tube b dissolved the 
precipitate which had formed so that the end result was identical 
with that of tube A. Increase of antigen in tube C, representing 
the maximum precipitation, partially dissolved the precipitate 
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already formed but did not fully reduce it to the quantity present 
in tube B. Addition of antigen to tubes d, e and f increased the 
precipitate as might have been anticipated to the quantities found 
in tubes C, D and E. 

The following experiment is similar to that just recorded; the 
amount of precipitation present before antigen has been added to 
tubes b, ¢, d, e, and f is recorded in the table; comparison between 
this reading and the final reading obtained after addition of anti- 
gen furnishes an index of the solution caused by excess of antigen. 


TABLE 5 
Ra EON cee DR i a 
ANTIGEN ADDBD ANTIGEN ADDED 
ia nN or REE =| DOEEABNORY.|| Grameen 
A 0.1 0.1 0 
b 0.01 0.09 0.1 0 
B 0.01 0.0 a5 
c 0.001 0.009 0.01 oe 
Cc 0.001 0.001 Searme 
d 0.0001 0.0009 0.001 +++ 
D 0.0001 0.0001 aS 
e 0.00001 0.00009 0.0001 + 
E 0.00001 0.00001 Trace 
f 0.006001 0.000009 0.00001 Trace 
F 0.000001 0.000001 0 


The amount of precipitate is dependent upon the total amount 
of antigen in the mixture and the result is the same if the excess of 
‘antigen is added after the precipitate is already formed. 

It is noteworthy that the mixture of immune serum and anti- 
gen in excess is at times followed immediately by precipitation 
which is observable if the tubes are examined within a few min- 
utes after the mixture is made. After a half hour this precipitate 
is dissolved and the so-called inhibition zone is evident. 

The next experiment does not differ from those previously 
described save for the preparation of a third series of mixtures 
(tubes b,’ ¢,’ e,’ and f’) to which after precipitate had formed there 
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was added an excess of antigen which brought the total to 0.1 
ec., an amount of antigen which completely inhibits precipita- 
tion. In every instance complete solution of the precipitate 
occurred. 

The experiments show that inhibition of precipitation and solu- 
tion of a precipitate by excess of antigen have the same result so 
that the amount of precipitate which remains in the mixture de- 
pends upon the total amount of antigen which has been added. 


TABLE 6 
ANTIGEN | PRECIPITATION ANTIGEN RELATIVE 
TUBE BEFORE AFTER ADDED AFTER BOA AMOUNT OF 
INCUBATION | INCUBATION | INCUBATION SRSIAEE S| PRECIPITATE 
A 0.5 0 0 
b 0.1 0 0.4 0.5 0 
B 0.1 0 0.1 0 
c 0.05 0 0.05 0.1 0 
C 0.05 0 0.05 0 
d 0.01 + 0.04 0.05 0 
D 0.01 = 0.01 Trace 
e 0.001 ++ 0.009 0.01 Trace 
EK 0.001 oo 0.001 arar 
f 0.0001 oho 0.0009 0.001 a 
F 0.0001 - 0.0001 ++ 
G 0.00001 + 0.00001 + 
H 0.000001 0 0.000001 Trace 


An exception may occur when the precipitate approximates the 
maximum obtainable with a given quantity of antibody; subse- 
quent observations will show that precipitation may leave in the 
supernatant fluid an excess of antibody which unites with the 
new increment of antigen and so diminishes its solvent action. 
The experiments show that inhibition of precipitation by excess 
of antigen is the result of the ability of the antigen to dissolve the 
specific precipitate. 
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Chemical reactions in which a precipitate formed by two solu- 
tions is dissolved by an excess of one of them are well known; an 
example is that in which the precipitate formed by silver nitrate 
and ammonium hydroxide is dissolved by an excess of the latter. 
By mixing decreasing quantities of ammonium hydroxide with a 
given quantity of a solution of silver nitrate an inhibition zone 
similar to that obtained with antigen and precipitin is obtained. 


TABLE 7 
Brensl phy (eae aves, || Aes 208 | eo aormame || BREE Cw 

A 0.1 0.1 0 

b 0.02 0.08 0.1 0 

B 0.02 0.02 0 

c 0.01 0.01 0.02 0 

C 0.01 0.01 Trace 
d 0.005 0.005 0.01 Trace 
D 0.005 0.005 —+- 

e 0.002 0.003 0.005 ss 

1; 0.002 0.002 + 

f 0.001 0.001 0.002 ++ 
F 0.001 0.001 +++ 
b’ 0.02 0.08 0.1 0 

ce’ 0.01 0.09 0.1 0 

d’ 0.005 0.095 0.1 0 
e’ 0.002 0.098 0.1 0 

£7 0.001 0.099 0.1 0 


EQUILIBRIUM OF ANTIGEN AND ANTIBODY IN THE PRECIPITIN 
REACTION 


In the foregoing experiments a maximum precipitate is obtained 
only when the quantity of immune serum is many times that of 
the antigen used to produce it and this relation exists even though 
the immune serum is capable of forming a precipitate with high 
dilutions of antigen, namely, from 1:100,000 to 1:1,000,000 
(table 3). In the following experiments the attempt has been 
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made to determine the relation between precipitate formation 
and the fate of antigen and antibody in the mixture. For this 
purpose the supernatant fluid over a precipitate formed by mix- 
tures of antigen and immune serum was tested to determine if 
these substances persisted in the solution after the reaction had 
occurred. In the following experiment quantities of the serum 
of a rabbit immunized against horse serum varying from 0.1 
to 2 cc. are brought to a uniform volume of 2 cc. and mixed with 
0.005 cc. of horse serum contained in 1 ec. of normal salt solu- 
tion. After the usual incubation and refrigeration, the superna- 
tant fluid is removed by centrifugalization. It is tested for 
antibody by mixing with fresh antigen and for antigen by 


TABLE 8 
SUPERNATANT FLUID TESTED FOR 

ANTI-HORSE HORSE : Antigen. 0.2 cc. anti- 
= Antibody. 0.2 cc. tant . 

Suow [ter orssur| “ave” | fluid added to horse serum diluted | MorePeon pcmataat 
RABBIT SOLUTION : fluid diluted as follows: 
1:10 1:100 1:1,000 /|1:10,000 1:2 1:10 1:100 

ce. ce 

0.1 0.005 == 0 0 0 4-4 eee 
0.5 0.005 aPae 0 0 0 UN Beara | ecas 0 
120 0.005 j++4+-+) + + ++ + t+ Ale. 0 
1.25 D005) Ea ote stat =e Si dl bi 0 
1.5 0.005 |++++) + | ++ |4+4+4/ + | Tr. | 0] 0 
2.0 0.005 |t+++] ++ |+++/+++4+) 4+] 0 | 0 | 0 


addition of immune serum. It is desirable to use various dilu- 
tions both of antigen and of supernatant fluid for otherwise anti- 
gen may be present in such excess or in such minute quantity 
that no precipitate is formed (see especially table 1). 

In accordance with the observations made by others the table 
exhibits phases of the reaction (with 1.0, 1.25 and 1.5 cc. of im- 
mune serum) in which both antigen and antibody are demon- 
strable in the supernatant fluid. The maximum precipitate is 
obtained by mixing 0.005 ce. of horse serum with 1 cc. of im- 
mune serum, that is, with 200 times its volume and corresponds 
with the level at which excess of antibody appears in the super- 
natant fluid. At and below this level both antigen and antibody 
are present in the fluid but they fail to unite to form a precipitate. 
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In the next experiment crystalline egg albumin in 5 per cent 
solution (approximately that of the proteins of the blood) has 
been substituted for horse serum. 

The maximum precipitation occurs when 0.005 ce. of the solu- 
tion of crystalline egg albumin is mixed with 2 cc. of immune 
serum, that is, with 400 times its volume. At this level anti- 
body becomes evident in the supernatant fluid but antibody 
does not appear until antigen has disappeared so that there is 
no phase of the reaction in which antigen and antibody coexist 
in the supernatant fluid. 


TABLE 9 


SUPERNATANT FLUID TESTED FOR 


ANTI-EGG | 5 PERCENT 


ALBUMIN |CRYSTALLINE : Antigen. 0.2 ce. anti- 
SERUM BGG PRECIPI- Antibody. 0.5 cc. supernatant egg albumin serum from 
FROM ALBUMIN TATE fluid with egg-albumin solution rabbit added to super- 

‘ diluted as follows: natant fluid diluted 
RABBIT DILUTED TO f 
(418) 5 cc. as follows: 


1:10 1:100 | 1:1,000| 1:10,000 1:2 1:10 1:100 


ce. ce. 

0.5 0.005 a 0 0 0 Oe cteste al atecten re 
1.0 0.005 ras 0 0 0 0 ai 0 0 
1.5 0.005 i a a 0 0 0 0 TF 0 0 
2.0 QHOOS TT icteric 0 OM) Pr: Aly: 0 0 0 
2.5 ORO STA teeter 0 Oe aeir Ane 0 0 0 
3.0 O500be ieee 0 0 ai ae 0 0 0 


The next series of three experiments (table 10) were carried 
out on a somewhat different plan. A constant quantity of 
immune serum was mixed with increasing quantities of crystaline 
egg albumin. In every instance the maximum precipitate occurs 
at the level at which antibody makes its appearance in the su- 
pernatant fluid and antibody appears because it is no longer fixed 
by antigen. One thousand volumes ‘of the serum of Rabbit 
420 obtained March 31 were required to fix the antigen in one 
volume of the solution used in its production whereas two hun- 
dred volumes of the serum of rabbit 419 fixed one volume of 
antigen. The maximum precipitate obtained by mixing im- 
mune serum and antigen serves as a measure of the strength of 
the serum in antibodies. 
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The experiments with crystalline egg albumin show that 
antigen and antibody may be simultaneously demonstrable 
in the clear fluid above a precipitate formed by their action 
‘if tests are made with increasing preponderance of antibody 
at sufficiently close intervals in the zone at and just beyond 
the level of maximum precipitation. In the tests made with 
the serum of rabbit 420 of March 26 amounts of serum in 


TABLE 10 


SUPERNATANT FLUID TESTED FOR 


ANTS hon ts Antibody. 0.5 cc. super- Antigen. 0.2 cc. anti-egg 
NUMBER OF FG Gan nig natant fluid with egg albumin serum from rabbit 
RABBITS ALBU- | “cc- | precipr- | 2l/bumin solution diluted added to supernatant fluid 
SUPPLYING eI | Rae as follows: diluted as follows: 
SERUM, SERUM z ee eee 


WITH DATES FROM 


RABBIT ED TO S S 

cc. cc. es (ain Tre 
fon 1 10.05 0 Sa Oueent) Oe] eee, See ae 
Meek 06 1 |0.005 0 =O 0 0 eee ae 0 
1 |0.0005) +++ ]—-—/} 0} Tr. | + 0 0 0 
1 10.05 Tr. 0)|\ 01 0 0-3 |" -4en ae ee ee 
420 1 {0.01 3 Oe Og) G0) FOR ae ite 
March 31 a peel Gs Oye 0 0 re a a An 0 
1 |0.001 |++++] 0} O} Tr. | Tr ae 0 0 
1 (0.0005) +++ | 0} Tr.| Tr 4 0 0 0 
| 0.05 Tr 0! Oo 0 Ee 4. | pea 

0.01 4+ s= 
19 


1 0 

1 0 

L \)03005)\ 2 ae) 10 |e Pr: 0 + 

1 —|—|++]4++]) 4+ | Tr. 
1 0] Oj+++/ ++] 0 


cs 
consecutive tubes are so widely separated that antigen disap- 
pears before antibody makes its appearance but in the two sub- 
sequent experiments (with serum of rabbit 420 of March 31 
and with serum of rabbit 419) there is a narrow zone in which 
both antigen and antibody are demonstrable in the fluid above 
the precipitate. Nevertheless numerous experiments have shown 
that the two substances are simultaneously demonstrated with 
far greater readiness when horse serum is employed as antigen. 
The experiments confirm the observations of Bayne-Jones and 


a ee 


RELATION OF ANTIGEN TO ANTIBODY IN VITRO 30 


show that crystalline egg albumin like horse serum may be found 
free in the fluid together with its antibody. The experiments 
of Bayne-Jones suggesting that crystalline egg albumin, prepared 
by the usual methods, is not a simple substance for anaphylac- 
tic tests, indicate that the presence of globulin is not wholly 
excluded. The assumption of a multiplicity of antigens, sup- 
ported by von Dungern and by Weil, explains the apparent 
overlapping of tests for antigen and antibody. ‘The readiness 
with which antibodies are produced when antigen is injected 
in small amounts into rabbits and the extreme delicacy of the 
precipitin test would facilitate the demonstration of antibodies 
caused by failure to completely purify the crystaline egg albumin. 

One consideration which has an important bearing on the 
foregoing discussion has heretofore been overlooked. In the 
so called zone of inhibition, where precipitate is held in solution 
by excess of antigen, antigen and antibody are side by side in 
the same fluid but do not combine to form a precipitate. This 
relation is very obvious where antigen is in such excess that no 
precipitate is formed but exists in less degree whenever with 
increasing preponderance of antibody the latter is insufficient 
to form the maximum precipitate obtainable with a given quan- 
tity of antigen. In these mixtures the presence of antigen is 
readily demonstrated by addition of immune serum but, since 
the specific precipitate is already soluble in the excess of antigen 
in the mixture, addition of antigen will not result in the forma- 
tion of a precipitate. Two conditions are distinguishable (a) 
antigen and its own antibody coexist in a solution with no forma- 
tion of precipitate when antigen is in such excess that it holds 
the precipitate in solution. Addition of antibody will demon- 
strate the presence of antigen but addition of antigen will not 
form a precipitate because it is already present in excess. (b) 
When a precipitate is formed by antigen and antibody, in cer- 
tain phases of the reaction both antigen and antibody may be 
demonstrable in the supernatant fluid by addition of antibody 
on the one hand or antigen on the other. This condition is 
present when the precipitate formed approximates the maximum 
obtainable with a given quantity of antigen. 
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CONCLUSIONS 


Excess of antigen dissolves the precipitate formed by action 
of precipitin and its antigen. 

Inhibition of specific precipitation (inhibition zone) in the 
presence of high concentration of antigen is caused by the sol- 
vent action of excess of antigen. 

Proteins of the blood serum do not prevent precipitation 
and the reaction has the same characters whether dilutions of 
antigen and antibody are made in salt solution or in normal 
blood serum. 

When a consistent quantity of antigen is mixed with increasing 
quantities of immune serum the maximum amount of precipitate 
is found when antigen is mixed with several hundred times its 
volume of immune serum, the number of volumes depending 
upon the strength of the serum. An excess of antigen added 
to the mixture becomes demonstrable in the supernatant fluid. 
This relation furnishes a measure of the strength of the immune 
serum determined in multiples of the volume of antigen used 
for the test. 

The presence of antigen and antibody in the supernatant fluid 
over a precipitate obtained by adding to antigen (horse serum, 
ege white, etc.) an amount of antibody in excess of that re- 
quired to produce the maximum amount of precipitate is best 
explained by the assumption of a multiplicity of antigens in 
such complex mixtures as blood serum or egg white. Crys- 
talline egg albumin is an almost pure antigen but contains in 
very small amount extraneous antigen capable of forming pre- 
cipitin. 
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In carrying out test inoculations in euinea-pigs with B. diph- 
theriae and diphtheroid bacilli for purposes of identification, 
where control animals were injected with the particular strain 
plus a certain amount of diphtheria antitoxin, it was noted that 
these animals were protected against lethal doses of B. diph- 
theriae by normal horse serum as well as by the specific immune 
serum. Though this observation did not involve any quantita- 
tive comparisons between the effect of the normal and the 
immune serum, the fact that normal horse serum should act 
protectively in the same way as the serum of a specifically 
immunized animal seemed of considerable importance and sug- 
eested the further investigation of the phenomenon. This 
normal serum effect is also of general interest in relation to 
“non-specific therapy’? where alien protein (e.g., animal serum, 
bacterial protein, ete.) injected parenterally is found to exert a 
favourable influence on the course of various infections in a non- 
specific manner. 

With a view, therefore, to analyzing the effect, a series of ex- 
periments were carried out which fully established the original 
observation and yielded further information of some theoretic 
and practical interest. 

The protective and curative action of normal horse serum in 
B. diphtheriae infection and intoxication has also been studied 
by other workers. 

Kolle and Schlossberger concluded that in guinea-pigs in- 
fected with B. diphtheriae normal horse serum had a limited 
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curative effect, which was in no way comparable with that of 
an antitoxic serum, and in the case of animals injected with 
diphtheria toxin, had a certain ‘‘delaying” action but was not 
definitely curative. They stated that the effect was ‘‘non- 
specific, resistance increasing, stimulating’ but did not offer 
any further explanation of their results. Kraus and Sordelli 
claimed that normal horse serum contains antitoxin to diph- 
theria toxin and in virtue of this exerts a ‘‘preventive’’ effect 
against 6. diphtheriae and its toxin. Cowie and Greenthal 
showed that 1 cc. of normal horse serum injected subcutaneously 
and intravenously in guinea-pigs simultaneously with diphtheria 
toxin always protects against 1 M.L.D. and may neutralize even 
8 M.L.D.; they showed that the activity of the serum depends on 
the proteins and not on the alcohol-soluble fraction. They 
regarded the protective power as not entirely due to a natural 
diphtheria antitoxin. 

In the writer’s original experiments guinea-pigs of approxi- 
mately 350 grams weight were injected subcutaneously with 2 
cc. of a two days’ bouillon culture of virulent strains of B. diph- 
thertae and at the same time 5 to 10 ce. of normal horse serum 
were injected subcutaneously at a different site from that of 
inoculation; these animals survived while animals of similar 
weight injected with the same amount of the same cultures 
died within twenty-four to forty-eight hours, showing at autopsy 
the characteristic effects of B. diphtheriae inoculations. Various 
strains and different specimens of normal horse serum gave the 
same results. 

For the detailed investigation, particular strains of B. diphtheriae 
isolated from typical cases of throat diphtheria were used. 


DEGREE OF PROTECTIVE ACTION OF NORMAL HORSE SERUM 


In order to ascertain quantitatively the degree of protection 
conferred by normal serum, guinea-pigs of approximately equal 
weight were injected subcutaneously with a fixed quantity of a 
B. diphtheriae bouillon culture and at the same time with varying 
amounts of horse serum; the minimum lethal dose of the culture 
was also estimated in parallel experiment (table 1). 


ACTION OF NORMAL SERUM ON B. DIPHTHERIAE an 


Thus 2 cc. of serum protected against at least 12 lethal doses 
of the culture (i.e., 1 cc. serum against 6 ATED.) 


TABLE 1 


Guinea-pigs approximately 400 grams weight injected subcutaneously in flank with 
3 cc. of a two days’ bouillon culture B. diphtheriae “strain 3”; varying amounts 
of normal horse serum injected subcutaneously in back 

AMOUNT OF 


x 
NUMBER CULTURE SERUM RESULT 


ee eee 


S 
a 


mBPwmwnoocoocnd: 


Survived 
Survived 
Survived 
Survived 
Survived 

Died 6th day 

Died 4th day 

5 Died 3d day 

Died 4th day 

No serum | Died 2d day 


eee eee ee ae 


Be At phiReriGe resi 2 ha eae nd ta es oes 


SIO OP WwW de 
SCOOrFN WR OOD 


— 
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Minimum lethal dose estimation. Guinea-pigs approximately 400 grams weight; 
same culture injected subcutaneously 


1 135 Died 2d day 
2 1:0 Died 2d day 
3 SMG ipNtHentGes «id eldeirs cola aim ale eiaie = inn fant ake 0.5 Died 4th day 
4 0.25 Died 7th day 
5 0.1 Survived 
6 0.05 Survived 


PROPHYLACTIC AS OPPOSED TO CURATIVE EFFECT 


It was found that normal serum though protective or prophy- 
lactic was not curative; thus, to elicit the antagonistic effect the 
serum had to be injected without delay after the introduction 
of the infecting organisms; if an interval of two hours or longer 
was allowed to elapse before the serum was injected even when 
5 times the protective dose was used the animals died (table 2). 


THERMOSTABILITY OF THE ACTIVE SUBSTANCE IN THE SERUM 


In thermostability, the active principle of the serum cor- 
responded generally to antitoxin and other antibodies. Horse 


38 T, J. MACKIE 


TABLE 2 


Guinea-pigs approximately 400 grams weight injected subcutaneously in flank with 
3 cc. two days’ bouillon culture B. diphtheriae “‘strain 3’; 10 cc. normal horse 
serum injected subcutaneously in back at varying intervals after injection of 
the culture 


NUMBER CULTURE + NORMAL HORSE SERUM TIME RESULT 
1 Simultaneously| Survived 
2 After 2 hours | Died 3d day 
3 Bduphthertae, - SGvum:..... 2... semen After 4 hours | Died 2d day 
4 After 24 hours | Died 2d day 
5 B. diphtheriae, no-serum.............. Died 2d day 
TABLE 3 


Guinea-pigs approximately 450 grams weight injected subcutaneously in flank with 
3 cc. of a two days’ bouillon culture of B. diphtheriae ‘“‘strain 2’’; normal horse 
serum injected subcutaneously in back at same time 


NUMBER CULTURE + NORMAL HORSE SERUM RESULT 
1 B. diphtheriae + 10 ce. unheated serum.| Survived 
Pe B. diphtheriae, no serum.. .| Died 2d day 
3 B: Weohihertae + 10 ce. serum 1 57°C. 
1. hours... -A pete Gitar. open in, Survived 


*4 B. diphtheriae + 50 ce. serum diluted 
1 in 5 with normal saline and heated 
at 70°C. one-half hour.. .| Died 2d day 
#5 B. diphtheriae + 60 ce. serum baiuied 
1 in 5 and heated at 90°C. one-half 
hour. 0k eee ee ee aes Died 2d day 
*6 B. diphtheriae + 50 ec. serum diluted 
1 in 5 and heated at 100°C. for 5 
MINULES ostet Aye chs lh ea ae EP ws et Died in twenty-four hours 
showing more marked lesions 
than other animals—mark- 
ed hemorrhagic inflammatory 
edema at site of inoculation 
with marked hemorrhages in 
suprarenals, lungs and intes- 
tinal wall 


*The serum was diluted to prevent coagulation on heating. 50cc., 60 ce. = 
diluted serum. 
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serum heated for one hour at 57°C. was still protective but was 
inactivated by exposure at 70°C. for one-half hour and at higher 
temperatures (table 3). The thermostability at 57°C. excluded 
the possibility of the active substance being of complement 
nature. 

EXPERIMENTS WITH RABBITS 


Using rabbits as the test animal, horse serum was found to 
exert the same protective action against B. diphtheriae as in 
the case of guinea-pigs; the particular effect was not therefore 
limited to B. diphtheriae infection in one species of animal only. 
Table 4 exemplifies one of these experiments. 

TABLE 4 


Rabbits of equal weight injected subcutaneously with 4 cc. of a three days’ bouillon 
culture of B. diphtheriae ‘‘strain 3” 


NUMBER B. DIPHTHERIAE CULTURE RESULT 
1 + 20 ce. normal horse serum injected subcutaneously 
AUPGMTETEMULISILC Hessian eer ok ware ore ee eee 2 eee Survived 
2 SOS TINENL Cae rar eee ie sie eee ere ae Ie cE Died 3d day 


PROTECTIVE ACTION OF THE SERUM OF DIFFERENT ANIMALS 


The serum from various animal species (ox, sheep, man, rab- 
bit, cat) was found to confer the same protection as horse serum; 
in the experiments of other workers on this subject the phe- 
nomenon has been studied from the point of view apparently of 
its being related to horse serum only; the effect is however not 
characteristic of the serum of only one species of animal (table 5). 

The question then arose as to whether the serum of one guinea- 
pig injected parenterally into another guinea-pig would protect 
the latter against B. diphtheriae infection. To ascertain this 
a number of experiments were carried out but with variable 
results; in some cases complete protection was obtained, in 
others while the infected animals succumbed to the dose given 
there was a distinct delaying of the lethal effect (table 6). Thus 
it was apparent that though protection by normal serum from 
an alien species was the general rule, the serum of the same 
species was not without a similar effect. 
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TABLE 5 
Guinea-pigs approximately 450 grams weight injected subcutaneously in flank with 
3 cc. of atwo days’ bouillon culture of B. diphtheriae ‘‘strain 2”’ ; serum of various 
animals injected subcutaneously in back at same time 


NUMBER CULTURE + SERUM RESULT 
1 t=. 41.0) CG) Ox: SELUM: +h eee OE ee eee Survived 
2 -+- 10. ce. sheep's serumin..* 3:2. eee oe Survived 
3 +. '8:ce. human iserumeees. a. oo eee eee Survived 
4 ‘B. diphtheriae + 10) cc. cats serum: 22 e254. eee ee Survived 
5 = (GCC, TaDblb;S SebUMNen- aoe eee Survived 
6 + 3 ce. rabbit’s serum (55°C.)........: Survived 
7 -11Q.ec. horse’/serums ee eee Survived 
8 TO} SLUM! 2 eee eee eee Died 2d day 
TABLE 6 


Guinea-pigs approximately 400 grams weight injected subcutaneously with 3 ce. 
two days’ bouillon culture of B. diphtheriae; serum from other guinea pigs 
injected subcutaneously at a different site 


| 


NUMBER CULTURE + GUINEA-PIG’8 SERUM RESULT 
1 (a) B. diphtheriae (‘‘strain 2’’) + 6 cc. serum.......... Died 6th day 
Kb) Control. Gie serum an jected) iccc.csc caters cece Died 2d day 
9 (a) B. diphtheriae (‘‘strain 2’’) + 8 ec. serum (55°C.)..| Survived 
(ib) ontral ieee esc in ei oc oe en a ade nee Died 2d day 
(a) B. diphtheriae (‘‘strain 2’’) + 10 cc. serum (from 
3 Zi animals sera: NOGIED)E J xads)s 05 eee Soe ere Died 19th day 
a) sCortirell site cee Re Sh Re hg 2 oe EO Died 2d day 
| (a) B. diphtheriae (‘‘strain 3”’) + 5 ee. serum (from 
4 2 animals) and 5 cc. following day...............| Survived 
Cb) SControl. <<. caress Seeker. 4, eh 5 uae Died 2d day 
5 i (a) B. diphtheriae (‘strain 3’’) + 10 cc. serum......... Survived | 
Alb) Controls; . reuters he. era Died 2d day 
6 (a) B. diphtheriae (‘‘strain 3’’) + 10 ce. serum......... Died 5th day 
(hb) Control’). 74 ee Oe ee eee Died 2d day 
7 (a) B. diphtheriae (‘strain 3’’) + 20 cc. serum......... Died 8th day 
(bb) SControl: os. piseete nis She ies otras Sis 0 :< ee Died 2d day 
8 (a) B. diphtheriae (‘‘strain 3’’) + 10 ce. serum.........| Survived 
(b) “Control 1.7 te i are >» bse Se Died 3d day 
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It is a phenomenon of considerable interest that the serum of 
one individual of an animal species, which is highly susceptible 
to experimental B. diphtheriae infection, should be capable of 
affording some protection, when injected parenterally in cer- 
tain amounts, to another individual of the same species infected 
with the particular organism. 


EXPERIMENTS WITH OTHER PROTEINS; BACTERICIDAL EXPERIMENTS 


Experiments were carried out with egg-albumen, milk and 
peptone, to determine whether the parenteral injection of these 
proteins would confer any protection as in the case of the serum 
proteins. The results were uniformly negative. 

In vitro bactericidal tests were also made to ascertain whether 
horse serum (in varying amounts) along with fresh guinea-pig’s 
serum as complement, exerted a specific bactericidal action on 
B. diphtheriae but no such effect could be demonstrated, thus 
excluding the possibility of the protection being due to a normal 
bactericidal immune body in horse serum. 


EXPERIMENTS WITH DIPHTHERIA TOXIN 


Experiments were then carried out to ascertain whether the 
protective effect was due to a natural antitoxic action on the 
part of the serum injected, though it seemed difficult to explain 
on this basis the action of guinea-pig’s serum in the case of in- 
fection in the same species. 

A powerful toxin was prepared from B. diphtheriae ‘‘strain 
3.” It was found that 10 cc. of horse serum was protective 
against 10 m.u.p. of the toxin (1 cc. against 1 M.L.D.), whereas 
1.5 ce. of diphtheria antitoxin representing 1000 immunity 
units protected against 10,000 m.u.p. The minimum lethal 
dose was estimated in parallel experiments along with the pro- 
tective tests (table 7). 

A similar series of experiments were carried out in which the 
pooled serum of three guinea-pigs was substituted for horse 
serum (table 8). 

The parenteral injection of 10 ec. of guinea-pig’s serum had 
apparently no protective action in guinea-pigs against B. diph- 
thertae toxin. 
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TABLE 7 
Guinea-pigs 250 grams weight injected subcutaneously in flank with varying doses 
of diphtheria toxin; at the same time injected subcutaneously in back with 10 cc. 
normal horse serum 


NUMBER AMOUNT OF TOXIN AMOUNT OF SERUM RESULT 
cc. ce. 
1 0.1 Died- 2d day 
2 0.05 Died 2d day 
3 0.01 10 Died 7th day 
4 0.005 Died 12th day 
5 0.001 | Survived 
6 0.0005 } Survived 
i 1.0 1000 immunity units Survived 


diphtheria toxin 


M. L. D. estimation 


1 0.1 Died 2d day 
2 0.01 Died 2d day 
3 0.001 | Died 2d day 
4 0.0005 Died 2d day 
5 0.0001 Died 3d day 
6 0.00005 Survived 

rs 0.00001 Survived 


M. L. D. = 0.0001 ce. 

Note: The small doses of toxin 0.05 ce. to 0.00001 ce. were measured by pre- 
paring decimal dilutions of the toxin 1:10, 1:100, 1:1000, 1:10,000, 1:100,000 and 
injecting the appropriate quantities of these dilutions. 

TABLE 8 
Guinea-pigs 250 grams weight injected subcutaneously in flank with varying doses 
of diphtheria toxin; at the same time 10 cc. of guinea-pigs serum (from 3 animals, 
pooled) injected subcutaneously in back 


NUMBER AMOUNT OF TOXIN AMOUNT OF SERUM RESULT 
cc. ce, 
1 0.001 ) Died 2d day 
2 0.0001 10 Died 2d day 
3 0.00005 Survived 
4 0.00001 } Survived 


Lethal dose estimation 


i! 0.001 Died 2d day 
2 0.0001 Died 2d day 
3 0.00005 Survived 
4 0.00001 Survived 
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THE OCCURRENCE OF LOCAL LESIONS IN ANIMALS SURVIVING 
AFTER PROTECTION BY NORMAL SERUM 


An interesting feature of these experiments was the occurrence 
of a marked local lesion in animals surviving after protection 
by normal serum against B. diphtheriae or its toxin. 

After two to three days a well marked subcutaneous indurated 
swelling with surrounding inflammatory oedema developed at 
the site of injection of the organisms or toxin; the overlying skin 
then became necrotic and sloughed, leaving a punched-out 
ulcer with a grey sloughing base; the lesion attained its full 
development in eight to ten days and then slowly healed; in one 
instance the lesion involved the deeper tissues and led to perfora- 
tion of the whole abdominal wall. 

It was found that diphtheria antitoxin prevented the occur- 
rence of the local lesion as well as the general effects. 

This type of lesion occurred in rabbits protected by normal 
serum as well as in the case of guinea-pigs. 

In the infection experiments no diphtheria bacilli could be 
detected in the ulcers after sloughing of the skin, either by mi- 
croscopic examination or culture. On the other hand, in ex- 
periments where the injection of guinea-pig serum delayed the 
lethal effect of B. diphtheriae for several days (e.g., eight days, 
nineteen days, v. table 6) and similar sloughing ulcers developed 
at the site of inoculation, B. diphtheriae were present in the 
lesion. 

Thus, the parenteral injection of normal serum though pro- 
tecting against the lethal result of infection with B. diphtheriae 
had no influence on its local toxic action. It was apparent also 
that B. diphtheriae did not persist in the tissues of animals fully 
protected by serum. 

In unprotected animals the local lesion of the type described 
is not commonly met with, as animals infected with a sufficient 
dose die within a few days; for the full development of the local 
effect a period of eight to ten days is required, and it was apparent 
that the occurrence of this particular lesion in protected animals 
was simply dependent on the survival of the animal. In rabbits, 
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which are less susceptible to experimental B. diphtheriae infec- 
tion and resist larger doses than guinea-pigs, it has been noted 
that sublethal doses may produce similar marked local lesions 
apart from any serum protection. 


DISCUSSION 


These observations represent a further contribution to the 
study of non-specific immunization by parenteral injection of 
normal serum. 

While it is possible that in the case of horse serum a natural 
antitoxin may contribute to the protection noted, and it is of 
importance that the active substance in the serum corresponds 
to antibodies in thermostability, the action of the serum in 
bringing about some other antagonistic effect must be consid- 
ered; this effect apparently does not depend on the transference 
of bactericidal complement or a natural bactericidal antibody; 
the serum is protective against infection apart from intoxica- 
tion: thus the organisms are absent from the local lesion; it might 
be claimed, however, that the antitoxic factor contributes to 
the elimination of the bateria by rendering them more suscep- 
tible to phagocytosis through neutralization of their toxin. It is 
to be noted also that normal serum is not antitoxic as regards 
the local toxic effects, whereas diphtheria antitoxin protects 
animals against local as well as general effects. The fact that 
the parenteral injection of the serum of one guinea-pig into 
another exerts a ‘‘delaying” effect in diphtheria infections and 
even complete protection, though this species has little natural 
immunity to B. diphtheriae and no natural antitoxin can be 
demonstrated in the serum, clearly indicates that some mechan- 
ism other than that of a natural antitoxin or other antisubstance 
transferred with the serum, plays the important part in mcreas- 
ing the resistance of the animal. 

These experiments are therefore of interest in their bearing 
on the general question of ‘‘non-specific immunity” and provide 
a further illustration of how the resistance of the tissues to a 
particular crganism may be enhanced by the parenteral injec- 
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tion of normal serum. The results, however, clearly exclude 
the possibility that normal horse serum could be as effective a 
therapeutic agent as a potent diphtheria antitoxin. 


CONCLUSIONS 


1. In guinea-pigs experimentally infected with B. diphtheriae 
normal serum (horse, ox, sheep, cat, rabbit, human), injected 
subcutaneously at the same time as the inoculation, exerts a 
definite protective action. 

2. Two cubic centimeters of eel horse serum may pro- 
tect in this way against 12 m.u.p. of a B. diphtheriae culture. 

3. No protection occurs if the serum injection is delayed for 
two hours after the inoculation. 

4. The activity of the serum persists at 57°C. but is lost at 
70°C, and higher temperatures. 

5. The serum of one guinea-pig injected subcutaneously into 
another is either protective to the latter experimentally infected 
with B. diphtheriae or at least exerts a definite delaying effect 
on the course of the infection. 

6. Normal horse serum is also similarly protective in guinea- 
pigs injected with diphtheria toxin; 10 ec. of serum may protect 
against 10 M.L.D. 

7. The serum of one guinea-pig is not protective in the case 
of another injected with diphtheria toxin. 

8. In the case of animals surviving after protection by normal 
serum a marked local lesion develops at the site of inoculation. 
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HEPATIC REACTIONS IN ANAPHYLAXIS 


I. VASO-MOTOR REACTIONS IN THE ISOLATED CANINE LIVER! 


W. H. MANWARING anv SELLING BRILL 
From the Laboratory of Experimental Pathology, Stanford University, California 


Received for publication July 7, 1922 


It has been shown (1) and is now generally accepted (2, 3, 4) 
that the sudden, pronounced fall in arterial blood pressure, the 
characteristic feature of acute anaphylactic shock in dogs, is 
due to reactions taking place in the liver. 

Several theories have been suggested as to the possible nature - 
of these hepatic reactions. The initial theory (1) pictured the 
reaction as an explosive formation or liberation of vaso-dilator 
substances by the hepatic parenchyma. According to this 
theory the fall in arterial blood pressure is due to the action of 
these hepatic products on the systemic blood vessels. 

This theory is in accord with the pharmacological analysis 
of Biedl and Kraus (5), who found the immediate cause of the 
blood pressure fall in canine anaphylaxis to be a paralysis of the 
vaso-constrictor nerve endings. The initial theory has also 
received support from the observations of Nolf (6), confirmed by 
Weil and Eggleston (7). Nolf found that the isolated anaphy- 
lactic liver, perfused with a mixture of anaphylactic blood and 
specific foreign protein, reacts with the explosive formation or 
liberation of antithrombic substances. 

Weil and Eggleston failed, however, in their subsequent attempt 
to demonstrate the assumed vaso-dilator substance. They 
withdrew blood from dogs dying from anaphylactic shock and 
introduced this blood intravenously into normal dogs. The 


1 Presented before the joint meeting of the American Association of Immunol- 
ogists and the American Association of Pathologists and Bacteriologists, Wash- 
ington, D. C., May 2, 1922. 
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transfused dogs showed no depressor symptoms half an hour 
later, after recovery from the anesthetic. These workers, how- 
ever, did not test blood taken during the initial stages of ana- 
phylaxis, nor did they employ kymographic methods. By the 
method they employed a transient non-fatal type of anaphylaxis 
can not be detected. The clinical symptoms of non-fatal shock 
are readily masked by an anesthetic. Weil and Eggleston’s 
negative result, therefore, can not be taken as evidence against 
the initial theory. 

In opposition to this chemical theory, there have been pro- 
posed several purely mechanical theories. The first of these 
mechanical theories, suggested by Meltzer (8), pictures the fall 
in systemic blood pressure as due to decreased systemic blood 
volume resulting from hepatic vaso-dilation. Weil and Eggles- 
ton (7) subsequently measured the hepatic blood volume during 
shock and found this blood volume markedly increased. This 
increase, however, they believed was not due to local vaso-dila- 
tion but to local passive congestion. They conceived this passive 
congestion to be caused by a mechanical narrowing of the hepa- 
tic capillaries, as a result of swelling and vacuolization of the 
hepatic parenchyma. 

A modification of the theory of Weil and Eggleston has been 
recently proposed by Simons (9). Simons believes that the 
passive congestion of the liver in anaphylactic and peptone shock 
is not due to parenchymatous swelling but to local veno-constric- 
tion. He bases this belief on histological grounds, the finding 
of unusually markedly developed smooth muscle coats in the 
canine hepatic veins. A somewhat similar conception was 
previously applied by Cannon (10) to account for the splanchnic 
engorgement in surgical shock. 

Simons’ hepatic veno-constriction theory as to the underlying 
mechanism in canine anaphylaxis is of fundamental importance. 
If true, it tends to unify the apparently dissimilar anaphylactic 
phenomena in different animal species, by reducing them all to 
a single underlying reaction. According to this theory, the 
characteristic symptoms of acute anaphylaxis in different animal 
species depend upon differences in distribution of non-striated 
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muscle in these species. Thus, Simons conceives the char- 
acteristic features in guinea-pig anaphylaxis to be due to the 
exceptionally highly developed musculature of the guinea pig 
bronchi; the characteristic picture in rabbits to depend upon 
the exceptionally highly developed smooth muscle coats of the 
pulmonary arteries of rabbits; the characteristic manifestations 
in dogs to result from the exceptionally highly developed muscula- 
ture of the canine hepatic veins; and the characteristic features 
in man possibly to depend upon the exceptionally highly developed 
musculature of the human adrenal veins (11). We have there- 
fore selected Simons’ veno-constrictor theory as the initial theory 
to be tested. 


TESTS OF SIMONS’ HEPATIC VENO-CONSTRICTOR THEORY 


This theory was tested by perfusion experiments with iso- 
lated organs. Canine livers were perfused with Ringer’s solu- 
tion, under conditions of constant pressure and temperature, 
and the rate of flow of the perfusion fluid noted. The Ringer’s 
solution was then changed to Ringer’s solution containing vaso- 
constrictor substances, and the resulting changes in rate of 
flow determined. 

This method of studying vaso-constrictor phenomena gives 
very sharp reactions with certain tissues. Thus, the rate of 
perfusion through the isolated canine kidney (A, fig. 1) is re- 
duced 90 per cent within two minutes as a result of the combined 
action of adrenalin chloride and barium chloride. The rate of 
flow through an isolated canine intestinal loop (B, fig. 1) is 
reduced 50 per cent within three minutes by adrenalin chloride 
alone. 

a. Isolated canine lungs. In making these hepatic tests, we 
have used the isolated canine lungs as the control organ. To 
make these pulmonary perfusions the ascending aorta and in- 
ferior vena cava were ligated, an afferent canula was placed in 
the superior vena cava, and an efferent canula in the left auricu- 
lar appendage. The lungs were then inflated to their mid-res- 
piratory volume. The perfusion pressure varied from 20 mm. 
Hg. to 40 mm. Hg. in different experiments, 25 mm. Hg. being 
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used in most of the tests. Typical data from such pulmonary 


perfusions are shown in figure 2. 


Fic. 1. VASo-ConSTRICTOR REACTIONS IN THE ISOLATED KIDNEY AND ISOLATED 
INTESTINAL Loop 


Cross-hatched areas represent perfusion flow per minute with Ringer’s solu- 
tion. Black areas show flow per minute (or half minute) with Ringer’s solution 
containing vaso-constrictor substances. Star (*) shows time of changing per- 
fusion clamps. Temperature, 38°C.; perfusion pressure, 80 mm. Hg. 

A = Perfusion of canine kidney with a mixture of 0.0002 per cent adrenalin 
chloride and 0.02 per cent Barium chloride. 

B = Perfusion of canine intestinal loop with 0.0002 per cent adrenalin chloride. 
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Fig. 2. Vaso-ConstricToR REACTIONS IN THE ISOLATED LUNGS 


C = Perfusion with a mixture of 0.0002 per cent adrenalin chloride and 0.02 
per cent barium chloride. 

D = Perfusion with 0.01 per cent Vaughan’s protein split-product in non- 
alkaline Ringer’s solution. 


As noted by previous workers (12), but slight decreases in the 
rate of perfusion flow are demonstrable in the isolated lungs 
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with the usual vaso-constrictor agents. Thus, the combined 
action of adrenalin chloride and barium chloride (C, fig. 2) 
reduces the rate of flow but 15 per cent. Marked vaso-constric- 
tion, however, can be produced with stronger vaso-constrictor 
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Fig. 3. Vaso-ConstricTor TESTS WITH ISOLATED LIVERS 


E = Perfusion with a mixture of 0.0002 per cent adrenalin chloride and 0.02 
per cent barium chloride. 


F = Perfusion with 0.01 per cent Vaughan’s protein split-produet in non- 
alkaline Ringer’s solution. 

G = Perfusion with 0.03 per cent ergotin. 

H = Composite picture of six hepatic perfusions with the above agents. 


substances. Thus, 0.03 per cent ergotin or 0.01 per cent 
Vaughan’s protein split-product (D, fig. 2) reduces the rate of 
pulmonary perfusion fully 35 per cent by the end of one minute, 
increasing to over 50 per cent by the end of three minutes. 
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b. Isolated canine liver. The agents found to give demonstrable 
vaso-constriction in the isolated lungs were now tested on iso- 
lated canine Jivers. 'To make these tests the abdominal vena 
cava and hepatic artery were ligated, an afferent canula was 
placed in the portal vein, and an efferent canula in the vena cava 
immediately above the diaphragm. The perfusion pressure 
varied from 13 mm. Hg. to 28 mm. Hg. in different experiments, 
20 mm. Hg. being used in most of the tests. Typical data from 
such hepatic perfusions are shown in figure 3. 

None of the usual vaso-constrictor agents, such as barium 
chloride and adrenalin chloride (FH, fig. 3) produced demonstrable 
veno-constriction in this organ. Even such powerful vaso- 
constrictor substances as 0.03 per cent ergotin (F, fig. 3) and 
0.01 per cent Vaughan’s protein split-product (G, H, fig. 3) 
gave no suggestion of decreased perfusion flow. 

From these observations we conclude that it is not possible 
for the musculature of the hepatic veins to produce a demon- 
strable increase in the resistance to blood flow through the liver, 
even when this musculature is thrown into maximum contrac- 
tion. Simons’ hepatic veno-constrictor theory as to the funda- 
mental reaction in canine anaphylaxis, therefore, does not appear 
to represent a physiologic possibility. 


SUMMARY 


1. Simons’ theory as to the nature of the fundamental reac- 
tion in canine anaphylaxis was tested by perfusion methods with 
isolated tissues. 

2. Distinct vaso-constriction can be demonstrated in the 
canine lungs by perfusion with a mixture of barium chloride and 
adrenalin chloride, and marked vaso-constriction by perfusion 
with ergotin or with Vaughan’s protein split-product. 

3. No veno-constriction can be demonstrated in canine livers 
however by perfusion with any of these agents. 

4, Simons’ hepatic veno-constrictor theory, therefore, does 
not appear to represent a physiologic possibility. 


HEPATIC REACTIONS IN ANAPHYLAXIS 53 


REFERENCES 


(1) Manwanrine,W. H.: Der physiologische Mechanismus der anaphylaktischen 
Shocks. Ztschr. f. Immunititsforsch. u. exper. Therap., 1911, 8, 1, 
abst. Bull. JohnsMopkins Hosp., 1910, 21, 275. 

(2) Voretiin, C., AND BERNHEIM, B. N.: The liver in its relation to anaphy- 
laxis; Jour. Pharm. & Exper. Therap., 1911, 2, 507. 

(3) DenEcker, G.: Ueber die Bedeutung der Leber fiir die anaphylaktische 
Reaktion beim Hunde. Ztschr. f. Immunitiatsforsch. u. exper. Therap., 
1914, 22, 501. 

(4) Wein, R., anp Eaaieston, C.: Anaphylaxis in dogs, a study of the liver in 
shock and peptone posioning. Jour. Immunol., 1916, 2, 525. 

(5) Brent, A., AND Kraus, R.: Experimentalle Studien Uber Anaphylaxie; 
Wien, Klin. Wehnschr., 1909, 22: Die experimentelle Analyse der ana- 
phylakitschen Vergiftung; Handb. d. Techn. u. Methodik d. Immu- 
naitsforsch. Ergnzugab. 1911, 1, 259. 

(6) Nour, R.: La composition proteique du milien humoral. Troisieme mem- 
oire, Del’ anaphylaxie. Arch. internat. de physiol., 1910, 10, 37. 

(7) WeIL, R., anp Eacueston, C. L.: Analyphylactic reactions in isolated dogs’ 
liver. J. Immunol., 1916, 2, 571. 

(8) Personal communication, 1911. 

(9) Srmons, J. P.: The fundamental physiologic reaction in anaphylactic and 
peptone shock. J.A.M.A., 1919, 73, 1437. 

(10) Cannon, W. B.: Papers by Cannon and Collaborators; J. A. M. A., 1918, 70, 
520, 526; 531, 611, 618. 

(11) Weuts, W. G.: The present status of the problems of anaphylaxis. Phys. 
Rev., 1921, 1, 44. 

(12) For reference see Howells’ Text-book of Physiology, edition VII, 1918, p. 627. 


eat y ri Vs 
; faire dhe & ay 
+ Ri ‘at 7 "fe pare F 


ar a 


i¥ 


atop’ “a 


yy 4 an, 4 
\ iT 
Un 


THE RELATION OF ANTIGEN TO ANTIBODY (PRE- 
CIPITIN) IN THE CIRCULATING BLOOD, 


EUGENE L. OPIE 


From the Department of Pathology of Washington University School of Medicine, 
St. Louis, Missouri 


Received for publication July 18, 1922 


The experiments described in this paper have been undertaken 
with the purpose of determining in what degree the fate of 
antigen introduced into an immune animal differs from that of 
the same antigen introduced into a normal animal. The studies 
of many observers indicate that injected antigen appears in 
the circulating blood both of normal and immune animals and 
some have found no difference between the two. 

An antigen such as horse serum or egg white which has entered 
the blood of a normal or of an immunized animal is demon- 
strable by the addition of immune serum from another animal 
even though, in the case of the immunized animal, its serum 
exhibits a high precipitin titer when brought into contact with 
the antigen against which the animal is immunized. The reac- 
tions indicate that free antigen and free antibody are present in 
the circulating blood but they do not unite to form a precipitate. 
Upon the basis of these observations some have reached the 
conclusion that specific precipitation does not occur in the living 
body. A preceding article (This Journal, 1923,8, 19) has described 
the characters of the precipitin reaction in vitro; in the present 
article the attempt is made to show that the changes which occur 
in the body are explained by those observable in vitro. 

Soon after the injection of egg white into the subcutaneous 
tissue this substance is demonstrable by the precipitin reaction 
within the urine (Ascoli (1)). In the immunized as well as in 
the normal animal the protein has been found in the blood by 
Obermeyer and Pick (2) two hours after its injection. No dif- 
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ference between normal and immune animals was found by Ham- 
burger (3) though neither the method nor the degree of immuniza- 
tion is described. In two normal and in two immunized rabbits 
a precipitin reaction for egg white appeared in the serum two 
hours after subcutaneous injection, reached a maximum after 
twenty-four hours, persisted until the third day and had disap- 
peared on the fourth. 

In normal rabbits which had received 5 cc. of horse serum 
intravenously Uhlenhuth and Weidanz (4) found horse serum 
in the blood fifteen days after injection. Eight days after the 
injection slight antibody formation was demonstrable and with 
the gradual increase of precipitin there was corresponding dimi- 
nution of antigen. With antisera which as the result of repeated 
injections of horse serum exhibited a tolerably high precipitin 
titer free antigen was nevertheless present a long time after the 
_last injection. 

In immunized rabbits Bayne-Jones (5) found edestin or crys- 
talline egg albumin in the circulating blood during forty-eight 
hours after its injection although precipitin maintaining a high 
titer was present at the same time. 

The coexistence of antigen and antibody in the blood of 
rabbits immunized against horse serum ten days after the last 
injection was observed by Ionesco-Mihaiesti (6). These animals 
had received from 40 to 70 ce. of horse serum into the peritoneal 
cavity within a period of twenty days. The rabbit’s serum 
which contained antigen gave a precipitin reaction in dilution 
of 1:1000 and caused active sensitization of guinea pigs to 
anaphylactic intoxication with horse serum. 

Rabbits highly immunized against horse serum and _ sub- 
sequently reinjected intravenously with 1 cc. of horse serum, 
according to Gay and Rusk (7), retain a demonstrable quantity 
of antigen in the blood during at least twenty-four hours and 
under exceptional circumstances during a longer period even 
though the serum contains precipitin evident in dilutions vary- 
ing from 1:1000 to 1:10,000. This serum containing both 
antigen and antibody does not fix complement and in contradic- 
tion to the observation of lonesco-Mahaiesti has failed to sensi- 
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tize guinea pigs actively to subsequent intoxication with horse 
serum. 

Hamburger and Moro (8) found antigen and precipitin pres- 
ent in the blood of children who suffered with serum disease 
following the administration of diphtheria antitoxin. As precipi- 
tin increased in concentration antigen decreased. Longcope and 
Rackemann (9) studied the relation of circulating antibodies 
to serum disease in patients who had received from 180 to 360 ce. 
of antipneumococcus horse serum during the course of lobar 
pneumonia. The average time between injection of serum and 
onset of serum disease was four to eight days; precipitins were 
demonstrable three or four days after the onset of serum sickness. 
In patients who failed to develop serum disease formation of 
antibodies was delayed or impaired. In eight individuals studied 
by Longcope and Mackenzie (10) antigen persisted in the serum 
during a period from eighteen to thirty-nine days after injec- 
tion, precipitins were present and serum disease occurred. In 
a second group of patients antigen persisted from forty-nine to 
sixty-seven days or longer, precipitin formation was of short 
duration or entirely absent and serum disease was mild or absent. 
In one additional instance antigen persisted more than seventy 
five days, precipitin was found and there was severe serum sick- 
ness. In one group of patients following the injection of large 
quantities of horse serum Mackenzie and Leake (11) observed 
the formation of precipitins, the occurrence of serum disease 
and disappearance of antigen approximately coincident with 
subsidence of symptoms. In a second group there was no serum 
disease, little or no precipitin formation and persistence of anti- 
gen during the period of observation. In a third intermediate 
group the relationships noted in the two groups were not present. 


THE PERSISTENCE OF ANTIGEN IN THE BLOOD AFTER ITS INJECTION 
INTO NORMAL ANIMALS 


When an antigen such as egg white or horse serum is adminis- 
tered to a rabbit by subcutaneous, intramuscular or intraperi- 
toneal injection it appears in the biood a short time later and is 
recognizable by the precipitin test during a period of days the 
duration of which differs considerably in different animals. 
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Rabbit 291 received 1 cc. of horse serum injected into the subcu- 
taneous tissue. The blood serum before and forty-eight hours after 
injection was tested by mixing 1 cc. diluted 1:2, 1:5, 1:10, 1:100 and 
1:1000 with 0.2 cc. of antihorse serum from a rabbit so strongly immun- 
ized aginst horse serum that it produced a precipitate with horse serum 
diluted 1:20,000. 

When 0.2 cc. of the antihorse serum from rabbit (no. 273) used in 
the foregoing experiment is tested with 1.0 cc. of dilutions of antigen 


TABLE 1 


Antigen (horse) in blood serum after its injection into normal rabbit 


PRECIPITATE WITH 0.2 cc. ANTI-HORSE SERUM (NO. 273) 


DILUTION 
Before injection After 48 hours 
122 0 SASS Rae 
125 0 Sisk asl 
1:10 0 “cats 
1:100 0 so 
1:1000 0 0 
TABLE 2 
DILUTION OF SERUM OF RABBIT 291 
PRECIPITATE OBTAINED WITH WHICH PRODUCED A CORRE- 
DILUTION OF HORSE SERUM /|0.2CC. OF ANTI-HORSE SERUM FROM] SPONDING PRECIPITATE WITH 
RABBIT (NO. 273) 0.2 cc. OF THE SAME ANTI-HORSE 
SERUM FROM RABBIT (NO. 273) 
1:100 45455555 1:2 
1:1000 SRIParAe 15 
1:10000 ++ 1:50(?) 
1:20000 ae 1:100 
1:50000 0 1:1000 
1:100000 0 


‘ 2 1 

Concentration of antigen = 300 

varying from a dilution of 1:100 to a dilution of 1:100,000 the pre- 
cipitates obtained represent a scale by which the amount of antigen in 
the blood of rabbit 291 may be roughly estimated. 


The foregoing comparison indicates that the blood serum of 
rabbit 291 forty-eight hours after injection of 1 cc. of horse serum 
gave the reactions produced by horse serum diluted 200 times. 
The concentration of precipitiable antigen in the blood serum 
may be roughly estimated as 1:200. 
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To determine the period within which antigen remains in the 
blood serum 1 cc. of donkey serum was injected subcutaneously 
into a rabbit (no. 289) and on subsequent days the blood was 
tested for the antigen by means of antidonkey serum from 
rabbit. 

Antigen has been demonstrable in the serum from 7 to 11 days 
after its introduction into the subcutaneous tissue. Disappear- 
ance of antigen has been coincident with appearance of precipi- 
tin. After 7 days both antigen and antibody are present in 
the serum but antigen has diminished before the antibody has 
become demonstrable. 

TABLE 3 


Antigen (donkey) in serum after its injection into normal rabbit 


PRECIPITATE WITH 0.2cc. ANTI-DONKEY 
SERUM FROM RABBIT 


Before After | After | After After After 


teen 1 day | 3 days| 7 days} 11 days | 21 days 
PTO E arererate trates — |jt++-4) ++ + == ae 
1 ce. of serum diluted 41:100......... - + = - — = 
PE LOGO) oo. _ ~ — = = = 
Estimated trati f anti 0 — ae 2s 0 0 
stimatea concentration of antigen... 100 200 | 1000 


PPE GUIGAD) GIGOT (cca 2 5, 216 3 cysccre erd)sheye aha 0 0 0 1:1000}1: 10000 1:1000 


The fate of donkey serum (1 cc.) introduced into the peritoneal 
cavity of a rabbit (no. 290) was similar to that of foreign serum 
given subcutaneously. 

Antigen has persisted in the serum during a period from five 
to nine days in duration and has disappeared when precipitin 
has appeared. 

In these experiments antigen has persisted in the serum during 
approximately one week. It is possible for the antigen to re- 
main a much longer time. 


Rabbit 288 received 1 cc. of horse serum subcutaneously. 


Antigen persisted in the serum during 19 days; precipitin de- 
veloped tardily and in scant strength. It is noteworthy that 
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this animal with subsequent injections of horse serum failed to 
develop a high precipitating serum and gave other evidence of 
deficient immunization. 


TABLE 4 


Antigen (donkey) in serum after its injection into normal rabbit 


PRECIPITATE WiTH 0.2 cc. ANTI-DONKEY 
SERUM FROM RABBIT 4 


Before After | After | After | After 
injec | 1 day | 5 days} 9 days | 19 days 


tion 
iL Ct Sp net, See — J4+4+4})44+) -— se 
1 cezot serum dilated’, 1100)... 65. 55 aele = + a = ate 
11000: 2 Beer | = = es sj 
Estimated concentration of antigen......... 0 | 1:100) 1:200) 0 0 
IPRCCT Lb tlbGis Hcg E EE = oe soe Be ee ee 0 0 0 |1:10000)1:20000 
TABLE 5 


Antigen (horse) in serum after its injection into normal rabbit 


PRECIPITATE WITH 0.2 cc. ANTI-HORSE SERUM FROM RABBIT 


"Bafore After After After After After After 
injection| 1 day 2 days 3 days | 5days | 7days | 9 days 
Pokey eee STE ena eli ag aoe Oe tn Sespsb | <b = 
Seok 1:100...| — ee) ee 
1:1000..}  — - - — - - - 
Estimated concentration 1 1 1 1 1 1 
OL antigents ses 152 015! 0 300 T00 300 300 500 500 
Preeipitin titeres. .. << -. 0 0 0 0 1:1000 
PRECIPITATE WITH 0.2 CC. ANTI-HORSE SERUM FROM RABBIT 
After After After After After After After 
11 days | 13 days | 16 days | 19 days | 23 days | 27 days | 31 days 
1:10...) ++] ++] ++ | +] -] -1] - 
1 ce. of serum j,. 
dihited TOU Ree _ _ — _ — -- = 
; (ist000..) ef _ - | - —-| = 
Estimated concentration 
: 1 1 1 1 
OL antigen. tient. see --— 0 0 


1000 | 5000} 1000 5000 
Precipitin titer.s.+ 252552 1:10000} 1:1000} 1:10000|/ 0 0 1:100 0 


RELATION OF ANTIGEN TO ANTIBODY 61 


ANTIGEN IN THE BLOOD OF IMMUNE ANIMALS 


The coexistence of antigen and its specific precipitin in the 
blood without union to form precipitate is a paradox which has 
been the subject of much speculation. Some of those who have 
interested themselves in this subject have reached the conclusion 
that precipitates are not formed within the body when antigen 
comes into contact with precipitating antibody. This view sug- 
gests that the phenomenon of precipitation has no part in the 
changes which bring about the destruction or elimination of a 
protein or protein-like substance introduced into the body. It 
is assumed that the precipitins formed during the progress of 
immunization do not combine with the antigen and render it 
insoluble. 

TABLE 6 


Immunization against horse serum 


TEST FOR ANTIGEN: PRECIPITATE WITH 0.2 cc. 
ANTI-HORSE RABBIT SERUM 


Before After After After 

injection 1 day 2 days 3 days 
Aces ee epee PEAR 2 0 0 0 0 
ieee ol Seniimnes fois OO. vole aye cee se ok 0 0 0 0 
1127100, Oe A ee 0 0 0 0 


Breecipipiml tater: ads ss hoes aks 20,000 20,000 


Experiments with horse serum. After the first injection of 
an antigen it appears in the blood serum and remains demonstra- 
ble during approximately one week or longer but after repeated 
injections the antigen fails to appear in the blood. 


A rabbit (no. 273) received four intramuscular injections of 1 ce. of 
horse serum. The fifth injection was given into the subcutaneous tissue 
of the abdomen nine days after the fourth. Tests for antigen and 
antibody were as shown in table 6. 


Antigen failed to appear in the serum and the precipitin titer 
underwent no change. 

The failure of antigen to appear in the blood of a well im- 
munized animal is illustrated by the followimg experiment. 
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Rabbit 274 received four intramuscular injections of 1 cc. of horse 
serum. ‘Twenty-four, forty-eight and seventy-two hours after the 
fifth injection (1 ce. into the subcutaneous tissue of the abdomen) the 
blood serum contained no antigen; after the first twenty-four hours the 
precipitin titer which was 1:20,000 before injection was unchanged. At 
the sixth injection the quantity given subcutaneously was increased to 
2 cc.; no antigen appeared in the blood serum tested after twenty-four 
and seventy-two hours. The precipitin titer which before injection was 
20,000 fell after twenty-four hours to 10,000 but after seventy-two hours 
was slightly above its former level. At the seventh injection the quantity 
given was further increased to 4 cc. but no antigen appeared in the serum 
tested after twenty-four and seventy-two hours. The precipitin titer 
of the serum which was 50,000 before injection was unchanged after 
twenty-four hours. At the eighth injection 1 cc. of horse serum was 
given subcutaneously and the serum was tested in dilutions of 1:5, 1:10, 
1:100, 1:1000 with 0.2 cc. anti-horse serum after one, four and twenty- 
four hours to determine if antigen had entered the blood serum shortly 
after its administration. No antigen was demonstrable and the only 
change in precipitin (20,000 before injection) was an_ insignificant 
diminution observed 1 hour after administration of serum. 


Although an antigen represented by horse serum passes with 
great rapidity into the blood of a normal animal the serum 
of a well immunized animal has contained none even though 
a large quantity (4 cc.) is injected into the subcutaneous 
tissue. After the injection of a smaller amount none has been 
found even though tests were made one and four hours after 
injection. 

Experiments with serum of donkey. In the following experi- 
ments donkey serum was injected into rabbits to determine if 
it appeared in the blood of an immunized animal. 


Rabbit 283 which had received 8 injections of 1 ec. of donkey serum 
into the muscle or into the subcutaneous tissue of the back was injected 
subcutaneously with 1 cc. of donkey serum. Before injection there was 
no antigen demonstrable in the blood serum and the precipitin titer was 
50,000. The blood serum tested after twenty-four and after seventy- 
two hours in dilutions varying from 1:5 to 1:1000 gave no precipitate; 
the precipitin titer fell to 20,000 at the end of twenty-four hours but had 
returned to 50,000 after seventy-two hours. 


RELATION OF ANTIGEN TO ANTIBODY 63 


Rabbit 282 which had received six injections of 1 cc. of donkey 
serum intramuscularly or subcutaneously was injected beneath the skin 
with 1 cc. of donkey serum. Antigen absent just before injection was 
not demonstrable in the blood serum after twenty-four hours, after forty- 
eight hours and after seventy-two hours. The precipitin titer which was 
20,000 before injection fell to 1000 but after forty-eight and seventy- 
two hours had the original level of 20,000. Injections were continued 
and the animal received 1 ec. of donkey serum subcutaneously fifteen 
days after the ninth injection. Tests for antigen in the blood serum 
after the lapse of one hour, of four hours and of twenty-four hours were 
uniformly negative; the precipitin titer which was 20,000 before injection 
retained this level after one and four hours but after twenty-four hours 
had fallen to 10,000. 


In animals which had received six injections of donkey serum 
at intervals of from approximately five to seven days the sub- 
cutaneous injection of 1 cc. of donkey serum failed to cause the 
appearance of this antigen in the blood serum. Tests were 
negative even though made within the first few hours after ad- 
ministration of the antigen. Nevertheless administration of 
antigen has caused a well defined but temporary fall in the titer 
of precipitin in the serum. It seems probable that precipitin 
has united with antigen in such quantity that its concentration 
in the serum is perceptibly diminished. 

The following experiment is recorded as confirmatory evidence 
of the great capacity of the immune animal to remove antigen 
from its body. A preceding experiment has shown that 1 ce. 
of donkey serum injected into the peritoneal cavity of a normal 
animal appears in the blood and persists during a period greater 
than five days and less than nine days. In the tests recorded 
in table 7 made with serum of an immunized animal (rabbit 
284) 1 and 3 cc. of donkey serum caused the appearance of anti- 
gen in the serum after twenty-four hours but it had disappeared 
after seventy-two hours. A peritoneal injection of 6 ce. caused 
the death of the animal. 


Rabbit 284 received six injections of donkey serum (0.5 to 1 cc.) 
at intervals of about five days. At the seventh injection 1 cc. of donkey 
serum was injected into the peritoneal cavity. The eighth injection 
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which was 3 cc. of donkey serum introduced into the peritoneum was 
eleven days after the seventh. The ninth injection which was made with 
6 cc. of donkey serum was seven days after the eighth. 


Although there has been transient appearance of antigen in 
the blood serum of this immunized animal the experiment fur- 


TABLE 7 


Immunization against donkey serum 


TESTS FOR ANTIGEN: PRECIPITATE WITH 0.2 


CC. ANTI-HORSE SERUM FROM RABBIT 
SEVENTH INJECTION 


(1 cc. INTO PERITONEAL CAVITY) 


Before After After After 
injection 1 day 3 days 11 days 
1931 aie ers Saree c 0 AF 0 0 
2g. 
pe oa a4 ae poiteer ee hin Hi 0 0 0 0 
IPreeipipan wicer: 2 2 ihe eee ee ee 20,000 1,000 20,000 | 20,000 
TESTS FOR ANTIGEN 
EIGHTH INJECTION 
(3 Cc. INTO PERITONEAL CAVITY) Before After After ‘After 
injection 1 day 3 days 6 days 
BehOn seek Sete: . by 0 33 0 0 
Rdeerued set 
eee eV etaga, teat a0 0 0 0 0 
Precitpiuimeviter-: 225 sueh 2 Ay fot eee 20,000 20,000 20,000 20,000 
(Trace) 


TESTS FOR ANTIGEN 
NINTH INJECTION 


(6 cc. INTO PERITONEAL CAVITY) Before Airces Aron 
injection 1 day 2 days 
LS eae vei eta 6 Sora cad 0 ARERR Died 
LSLOS Sat: Sete ee 0 aRGESE 
9 
Raat Renu eC atahe as, Bee 0 as 
LS QOO 5 ete Ae eg. 0 0 
PreCeipibin Uiterct eee Me es tee Rea 20,000 1,000 


nishes conspicuous evidence of increased ability to eliminate 
antigen from the blood. This power has not been overcome by 
3 ec. of donkey serum introduced into the peritoneum but the 
animal has been overwhelmed by 6 cc. Fall of the precipitin 
titer is coincident in each instance with injection of antigen. 
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Experiments with egg white. Experiments of those who have 
found that antigen appears in the blood serum of immunized 
as well as of normal animals have been performed with egg 
albumin and in the experiments which follow this substance has 
been employed. In two instances antigen present in the blood 
serum after the sixth injection failed to appear after the seventh. 


TABLE 8 


Immunization against egg white 


TESTS FOR ANTIGEN: PRECIPITATE WITH 0.2 


CC. ANTI-EGG SERUM FROM RABBIT 
SIXTH INJECTION 


(1 cc. SUBCUTANEOUSLY) aaa Sa 
_ Before After After 
injection 1 day 9 days 
1 MEH (0 eta pe Rh ey sea 0 =e 0 
1 ec. of serum 271 
TOON Sod sere ticlcok 0 0 0 
Preesmicin: Liters. 15. SAI os a ee eles 100, 000 10, 000 100, 000 
TESTS FOR ANTIGEN 
SEVENTH INJECTION oo 
(1 cc. SUBCUTANEOUSLY) Before Aster After 
injection 1 day 18 days 


HERO $k 0 0 0 
ecco serum 27) fe ee een ere 0 0 0 


PEHEAPEUIGGILOTS 3.0 ck cal teK 0. die Shcecsecdh x sdvlisee 100, 000 | 10, 000 50, 000 


TESTS FOR ANTIGEN 
EIGHTH INJECTION 


(1 cc. SUBCUTANEOUSLY) Bafore Afton After 
injection 1 day 3 days 
SORE A AM Ser. 0 0 0 
9 iss 
ec serum. 211 fer a ibiNba api are 0 0 0 
PLE CITE FLEET s obi sloryhie oats Socusskude ots 50, 000 10, 000 50, 600 


With immunization there has been progressively increased 
ability to fix or destroy antigen so that it is no longer dissemi- 
nated throughout the body. 


Rabbit 271 which had received two intravenous injections of 2.5 ce. 
of egg white diluted with an equal quantity of normal salt solution and 
three intramuscular injections of the same quantity, was injected 
subcutaneously with 1 cc. of egg white nine days after the fifth injection. 
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Precipitin tests with the blood serum are recorded in table 8. The 
seventh injection (0.5 cc. subcutaneously) was made nine days later. 


TABLE 9 


Immunization against egg white 


TESTS FOR ANTIGEN: PRECIPITATE 
WITH 0.2 cc. ANTI-EGG SERUM 
FOURTH INJECTION FROM RABBIT 
(1 ce. SUBCUTANEOUSLY) 


Before After After 


injection 1 day 9 days 
lee Obras sh: cin cet Ieee @ ree ee 0 + 0 
9 
ade ee EOE UAT NESIG # aes 0 + 0 
Preciprtin titer ccc cen scos os seneente ne tet tones ae eee 50,000 | 10,000 | 100, 000 


TESTS FOR ANTIGEN 
FIFTH INJECTION 
(1 cc, SUBCUTANEOUSLY) 


Before After After 
injection 1 day 19 days 
1 Koll UCT RT nee net RP eee ei nse 0 + 0 
ARCeOtmserumeIe (Dat OOh ste eee eae 0 + 0 
Tt OOO) se. Meee es te oy eat eaet cca 0 0 0 
Breeipitmecbiter. is 4 se cet fake ee oc Sess aati 100,000 | 10,000 | 20,000 


TESTS FOR ANTIGEN 
SIXTH INJECTION 
(1 cc. SUBCUTANEOUSLY) 


Before After After After 
injection 1 day 3 days 12 days 
2S 2) ee oe eS ae 0 + 0 0 
pect. Cu pemumteat? fers oh satiate FU 0 0 0 0 
Precipitin titer..0...0 ~:. 2 wee. 20,000 | 10,000} 20,000 20,000 


TESTS FOR ANTIGEN 
SEVENTH INJECTION 
(1 cc. SUBCUTANEOUSLY) 


Before After After After 
injection 1 day 3 days 14 days 
Sta Rita ts PERERA 8 8 te 0 0 0 = 
Wceoleserumys con lil Oly. tae eee eee 0 0 0 _ 
PS OO Meee eo fee 0 0 0 — 
Precipitinditerne eee... WES ee! 20,000 | 1,000 | 10,000 | 100,600 


The eighth injection (0.5 cc. subcutaneously) was made seventeen days 
after the seventh. 
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Rabbit 275 received into the ear vein 2.5 ca of egg white diluted with 
an equal volume of salt solution; after intervals of a week two injections 
of 1 cc. of egg white were given into the muscle of the back. The fourth 
injection was 1 cc. given subcutaneously. The results of precipitin tests 
are recorded in table 9. The fifth injection (0.5 cc. subcutaneously) 


TABLE 10 


Immunization against egg white 


TESTS FOR ANTIGEN: PRECIPITATE WITH 0.2 


cc, ANTI-EGG SERUM FROM RABBIT 
FOURTH INJECTION 


(0.5 cc. SUBCUTANEOUSLY) 


Before After After After 
injection 1 day 3 days 5 days 
COO), eee ae 0 =f aP 0 
9 
+ RL eta (i ODI a silt ae 0 0 0 0 
PEACiprtiM GUCCI. cme ce ci a .wctie Sa 24 she's 10,000 | 10,000 | 10,000 | 20,000 


TESTS FOR ANTIGEN 
SIXTH INJECTION = 


(0.5 cc. SUBCUTANEOUSLY) Before After After After 
injection 1 day 3 days 18 days 
| [09 -NER aee n Semeee _ aeoieals 0 0 
Teee mol Serum ao Salis Ole: aieinge ss oreo orehs 0 + 0 0 
EAU acre aes stats cnet als 0 0 0 0 
JESSSroy op reste (Mh de) pone es SP eee ee ee 20,000 | 1,000 1, 000 1, 000 


TESTS FOR ANTIGEN 
SEVENTH INJECTION 


(0.5 cc. SUBCUTANEOUSLY) Before After WNeter 
injection 1 day 3 days 
Naess MOM ALP 0 SSS 0 
LO k sake. Seine. oS 0 Sai 0 
eee sete 20 TOO RS Peaster sclera 0 ae 0 
(eR OOO Hee esr 0 0 0 
Preeipihin: thber ess ects +i seems taye siseys ayea 54s» 1, 000 1, 000 1, 000 


ee res eg 2 a BE Ee 


was made 9 days after the fourth. The sixth injection (0.5 cc. into the 
subcutaneous tissue) was given nineteen days after the fifth. The 
seventh injection (0.5 cc. into the subcutaneous tissue) was given twelve 
days after the sixth. 


In these two experiments antigen was present in the serum of 
the animals immunized against egg albumin after the sixth 
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injection but failed to make its appearance after the seventh 
injection. In both instances the precipitin formation was ac- 
tive so that the titer reached a high level (from 30,000t0 100,000). 
It exhibited a moderate fall after injection of antigen but rapidly 
recovered its original height. 


Rabbit 298 received 1 cc. of egg white subcutaneously, 0.5 cc., eight 
days later and 1 cc., after an interval of five days. The fourth injection 
(0.5 ec. subcutaneously) was made fourteen days after the third. The 
sixth injection (0.5 ce. subcutaneously) was made seven days after the 
fifth. The seventh injection (0.5 ce. subcutaneously) was made eighteen 
days after the sixth. 


In this experiment antigen has appeared in the serum of the 
animal immunized against egg white even after seven injections 
but with the sixth and seventh injections it has been found only 
after 24 hours whereas after the fourth injection it has still been 
present after 72 hours. It is noteworthy that antibody forma- 
tion has been unusually retarded reaching a titer of 20000 only 
with the sixth injection; in consequence of the injection it has 
been reduced to 1000 and has never again risen above this level. 

Experiments with crystalline egg albumin. Crystalline egg 
albumin was used as an antigen in order to determine if the 
behavior of a single protein prepared by the method of Hopkins 
and Pinkus and purified by repeated recrystallization differed 
from the complex mixtures represented by mammalian serum 
and by egg white. In the following experiment tests for antigen 
and antibody were made throughout the course of immunization 
against crystalline egg albumin. 


Rabbit 420 received at intervals of five days 0.5 cc. of a 5 per cent 
solution of crystalline egg albumin injected into the subcutaneous tissue. 
The result of tests made after the first injection were as shown in table 11. 


The behavior of crystalline egg albumin has not been identical 
with that of more complex antigens such as blood serum and 
egg white. (a) Crystalline egg albumin disappears from the 
blood of both the normal and immune animal more rapidly than 
antigen of serum or of egg white. (b) Nevertheless with im- 
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TABLE 11 


Immunization against crystalline egg albumin 


TEST FOR ANTIGEN: PRECIPITATE WITH 0.2 cc. 


OF ANTI-OVALBUMIN SERUM FROM RABBIT 
FIRST INJECTION 


(0.5 cc. SUBCUTANEOUSLY) 


Before After After After 
injection 1 day 2 days 5 days 
1 ERA (OR sete pes eae eee Paes 0 + + 0 
mec ob seruny 420/35) 1250)... olan en ccs ces 0 + dL 0 
FTO RE Oe cra yates = SF 0 0 
IRCCS GIN CLLOD <= Jos Scie oeis sine ov als detishes oesis 0 Oey 0 0 


TESTS FOR ANTIGEN 
SECOND INJECTION 


(0.5 cc. SUBCUTANEOUSLY) Before After After After 

injection 1 day 2 days 5 days 
a La 8 0 esas saat Petite 0 + 0 0 
Pec. of'serum 420°; 1:505s023050. AOU 0 -[ 0 0 
[P30QS: Spay 4H $3 0 0 0 0 

COUR DALE N cis, tay srass a syayn iad vie <=0agn aks 0 0 0 1,000 


TESTS FOR ANTIGEN 
THIRD INJECTION 


(0.5 cc, SUBCUTANEOUSLY) Before After After After 
injection 1 day 2 days 5 days 
lice. of serum 420, diluted as above..... 0 0 0 0 
PREETIEGINY GIGET: cle ti stale: has oe evel eye tone 3) 1013 i, 000 0 0 20, 000 


TESTS FOR ANTIGEN 
FOURTH INJECTION 


(1 cc. SUBCUTANEOUSLY) Before After After After 
injection 1 day 2 days 5 days 
PIGRE MOT SNGIPCNs), . vaicc. cts eo Seece eit efsin ce 0 0 0 = 
Peeerpitim Wier ses Aras. Peis. Jase 20, 600 0 20,000 | 50,000 


TESTS FOR ANTIGEN 
FIFTH INJECTION 


(3 cc. SUBCUTANEOUSLY) Before After After After 
injection 1 day 2 days 11 days 
DSR ae cre cree on a = aisainetn 0 0 
bs re euy es. epete dete 3 = eas 0 0 
A covon seramiy4gl' 4 110... pe wee. ek: — Sete 0 0 
US LOO: Sere toesratenen ene Nain oe = ar 0 0 
b soooste pedwises’ = 0 0 0 


PrAeipibingtiter.. 3.0 Pee ss 50, 000 0 9 100, 000 
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TABLE 11—Continued 


TESTS FOR ANTIGEN 
SIXTH INJECTION 


(3 oc, SUBCUTANEOUSLY) _ Before After After After 
injection 1 day 2 days 4 days 
DSN A. Pee Ae 0 af 0 0 
11ON bee aoe 0 + 0 0 
Se E100... Wich dete 0 + 0 0 
E1000... ose 0 0 0 0 


IETEGIpI GI IECE A aoe beiorts Wes ota pate we 100, 000 0 20,000 | 100, 000 


munization there is a progressive increase in the ability of the 
body to rid itself of the antigen so that it enters the blood with 
increasing difficulty and, should it enter the blood, quickly disap- 
pears. After the first injection antigen failed to appear in the 
blood, until the amount injected was increased to 3 cc. and the 
effect of the second injection of 3 cc. was less than that of the 
first. (c) Injection of antigen has repeatedly caused complete 
disappearance of antibody so that precipitin present in high titer 
before injection has completely disappeared; its disappearance 
is temporary. (d) Antigen and antibody have never been 
demonstrated in the same serum. 

The following experiments were performed to determine if 
injection of crystalline egg albumin in considerable quantity, 
namely, 3 cc. of a 5 per cent solution into an immunized animal 
was uniformly followed by disappearance of precipitin from 
the circulating blood. 


Rabbit 433 was immunized against crystalline egg albumin by daily 
subcutaneous injection of 0.5 cc. of a 5 per cent solution during sixteen 
days. Nine days later 3 cc. of the same solution were injected into the 
subcutaneous tissue of the back. Precipitin tests were as shown in 
table 12. 


Following the injection of antigen precipitin disappeared 
completely from the circulating blood at the time when antigen 
was demonstrable. Precipitin returned slowly so that two days 
after injection no precipitate was obtainable with the lower 
dilutions of serum (from 1:10 to 1:1000) whereas with higher 
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dilutions (1:10,000 to 1:50,000) traces of precipitate were 
formed. After 4 days precipitin in the serum exceeded its 
original strength. 

TABLE 12 


Immunization against crystalline egg albumin 


TEST FOR ANTIGEN: PRECIPITATE WITH 0.2 cc. OF 
ANTI-OVALBUMIN SERUM FROM RABBIT 


Before After After After 

injection 1 day 2 days 4 days 
OS 53.29. abyss 0 sear 0 0 
DOM 3 te oe 0 —--+- 0 0 
oe rie ee 0 0 0 0 
P2000 teens 0 0 0 0 

Breet pitt tiie esse sos. UR 26% Macros 50, 000 0 50, 000 | 100, 000 
(Trace) 


Rabbit 418 received twelve subcutaneous injections of 0.5 cc. of a 
5 per cent solution of crystalline egg albumin at intervals of from five to 
ten days. Twelve days after the last injection 3 cc. of the same solution 
were injected into the subcutaneous tissue. Precipitin tests were as 
shown in table 13. 
TABLE 13 


Immunization against crystalline egg albumin 


TEST FOR ANTIGEN: PRECIPITATE WITH 0.2Cc. OF 
ANTI-OVALBUMIN 8ERUM FROM RABBIT 


Before After After After 


injection 1 day 2 days 4 days 
DOS. Seek ame 0 az 0 0 
Leo. of serum 418 Yi tq6 TT oo | | 8 | 
 MOQOO Reese ee 0 0 0 0 
Precip itler Gilets. ia4. sya As spades Pa velroa ee 100, 000 0 0 50, 000 


The experiment confirms those previously cited. Following 
the injection of a considerable quantity of crystalline egg albumin 
this antigen has appeared in the circulating blood and precipitin 
has coincidently disappeared. Reappearance of precipitin has 
occurred even more slowly than in the previous experiment so 
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that it remains absent after two days and though present in 
considerable strength has not completely returned to its original 
level after four days. It is noteworthy that injection of serum 
(3 ec. to 6 cc.) or of egg white (1 cc.) has uniformly failed to 
remove antibodies from the circulating blood whereas injec- 
tion of from 1 to 3 cc. of single protein as antigen, namely purified 
crystalline egg albumin, has in every experiment removed all 
precipitins from the blood of rabbits immunized against this 
substance. 7 

It is well known that the supernatant fluid over a precipitate 
formed by the mixture of an antigen such as blood serum or egg 
white and its precipitin may contain free antigen and antibody 
which have failed to unite to form precipitate. In a preceding 
paper evidence was presented to show that serum and egg white 
are complex mixtures of antigens which produce a corresponding 
variety of precipitins whereas crystalline egg albumin purified by 
repeated crystallization is a relatively simple substance and rep- 
resents a single antigen mixed with scant traces of other pro- 
tein. This view furnishes a satisfactory explanation of the 
phenomena which have been observed in the living animal. In- 
jection of horse serum, of donkey serum or of egg white into an 
animal immunized against one or other of these substances does 
not remove all precipitin from the circulating serum. When 
the complex mixture of antigens contained in one or other of 
these substances is injected into an animal the strength of various 
antibodies which make their appearance in the circulating blood 
of the immunized animal doubtless bears no direct relation to 
the relative strength of various antigens in serum in one instance 
or in egg white in the other. Certain antibodies are present in 
such excess that they are not completely precipitated when the 
substance employed is again injected into the immune animal, 
they persist in the serum and react with dilutions of serum 
or of egg white which contain all of the antigens against which 
the animal is immunized. Immediately after injection antigen 
may appear in the serum and is demonstrable by addition of 
immune serum from another animal, which contains all of the 
antibodies formed in response to the substance employed for 
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immunization. Antigen which is demonstrable in the blood 
then fails to form a precipitate with the antibodies present in 
the same serum because it does not stand in relation of precipi- 
tinogen to that precipitin which persists in the serum. When 
a simple antigen such as crystalline egg albumin is employed its 
injection causes complete disappearance of precipitin from the 
circulating blood for all of the precipitin corresponds to the pre- 
cipitinogen injected. Following injection of purified crystalline 
egg albumin antigen appears in the blood serum but antigen 
and antibody have not been demonstrable simultaneously in 
the circulating blood. 


CONCLUSIONS 


Antigens such as horse serum or egg white injected into a 
normal animal are demonstrable in the blood during a period 
from approximately seven to nine days after injection; antigen 
disappears shortly after the appearance of precipitin at a time 
when the concentration of precipitins is rapidly increasing. 

In exceptional instances antigen persists during a much longer 
period for example during nineteen days and in these animals 
formation of precipitins proceed slowly and their concentration 
in the serum remains low. 

With the progress of immunization injected antigen exhibits 
a decreasing tendency to find its way into the circulating blood 
so that in a well immunized animal horse serum or egg white 
injected into the subcutaneous tissue is not demonstrable in the 
blood serum even if tests are made at intervals from one to 
twenty-four hours after injection. 

Complex antigens such as horse serum or egg white injected 
into an immunized animal cause a diminution of the concentra- 
tion of precipitins but precipitins do not disappear completely 
and in the early stages of immunization both antigen and anti- 
body may be demonstrable in the same serum. 

A simple antigen, namely, crystalline egg albumin, purified 
by repeated crystallization, injected into an animal immunized 
against this substance may cause temporary but complete disap- 
pearance of precipitin and though antigen may appear in the 
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serum in no instance has this antigen and its precipitin been 
simultaneously demonstrable in the serum. 

The foregoing observations upon living animals, like the co- 
existence in vitro of antigen and antibody which fail to form a 
precipitate, are explained by the presence of multiple antigens 
in mammalian serum or in egg white and a corresponding multi- 
plicity of antibodies in immune sera. Crystalline egg albumin 
carefully prepared by the usual methods is a relatively pure 
antigen and bring about the formation of a single precipitin. 
The behavior of precipitins in the living body is similar to that 
in the test tube and indicates that they precipitate foreign pro- 
tein introduced into the immune animal. 
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Our knowledge of the immuno-physiological adaptations of 
fixed-tissues is at present limited to an elementary conception of 
the altered excitability of non-striated muscle as a result of pro- 
tein sensitization. We therefore began in 1916 a study of the 
physiological adaptations of other fixed tissues. We selected 
the isolated rabbit heart as the initial organ to be tested, and 
found an increased resistance of the cardiac tissues to the toxic 
action of goat serum, as a result of sensitization and immuniza- 
tion (1, 2). 

The cardiac reactions we then obtained, however, were incon- 
stant. On resuming this line of work we have therefore sought 
substances of immunological importance giving constant, sharply 
defined reactions with the excised heart. Cobra venom is a 
substance well suited for such tests. 


I. REACTIONS OF THE NORMAL RABBIT HEART TO COBRA VENOM 


The technique employed in testing the excised mammalian 
heart is the simplified technique described by Gunn (3). The 
arrangement of the apparatus is shown in figure 1. Rabbit 
hearts isolated by this method and perfused with well aerated 

Locke’s solution, beat regularly and strongly for nearly two hours. 

1 Presented before the American Association of Immunologists, Washington, 

D. C., May 1, 1922. uy 
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If cobra venom is added to the Locke’s solution, there are pro- 
duced a number of variations from the normal picture. Certain 
of these variations are inconstant, and cannot be taken as re- 
liable indices of venom action. Among these minor reactions 
are: (a) an initial tachycardia, (b) a terminal tachycardia, and 
(c) heart block. These reactions are usually observed when 
cobra venom is tested in dilute solutions, but are often absent 
with stronger venom solutions. The constant reactions are: 


Fic. 1, PERFUSION APPARATUS FOR ISOLATED MAMMALIAN HEARTS 


A Constant pressure bottle containing well aerated Locke’s solution. 

B = Constant pressure bottle containing solution to be tested. 

J = Constant temperature water jacket. A continuous flow of water at 42°C. 
is maintained through this jacket by means of a centrifugal pump. 

H = Isolated heart. 

K = Thread to recording apparatus. 


(d) Decreased myocardial contractions, shown by decreased 
height of the kymograph tracing (fig. 2). This reaction usually 
begins in from one to ten minutes after the addition of the venom 
solution. It is occasionally preceded by a preliminary period of 
increased contractions. Once established, however, the phenome- 
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non is progressive, ending in complete cessation of recordable 
movements. Visible contractions usually cease first in the left 
ventricle, somewhat later in the right ventricle and, after a delay 
of several minutes, in the auricles. 


Fig. 2. Reactions or Isovatep Raspit HEART TO CoBpra VENOM 


Normal heart; 1:100,000 cobra venom; perfusion pressure 60 mm. Hg., time 
in minutes. 


A = Time of changing perfusion clamps. 
& = Estimated time of entrance of venom solution into coronary artery. 


mg. 


40 


i?) 5 10 15 2g 30 40 50 min. 
Fig. 3. RELATION BETWEEN VENOM CONCENTRATION AND REACTION TIMES 


Composite data from twenty-four normal he: arts. Concentration shown as 
milligrams of cobra venom per litre of perfusion fluid; e.g., 1 mgm. = 1:1,000,000 
CoN: 

Curve A = Time of cessation of recordable contractions. 

Curve B = Time of establishment of final maximum tone. 


The length of time it takes a venom solution to bring the heart 
to complete standstill; varies with the strength of the venom 
solution tested (fig. 3). The time may be as short as three 
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minutes with strong venom solutions, increasing to from thirty- 
five to fifty minutes with dilute venom solution. The time rela- 
tionship is sufficiently constant to serve as a titration index for 
cobra venom. 

(e) Increased myocardial tone, shown by a rise in the base line 
of the kymograph tracing (fig. 2). This reaction usually begins 
in from three to fifteen minutes after the addition of the venom 
solution. Itis occasionally preceded by a preliminary relaxation 
of tone. Once established, however, this phenomenon also is 
progressive, leading to a final maximum tone of the myocardium. 

The length of time it takes a venom solution to bring the heart 
to this final maximum tone varies with the concentration of the 
venom solution tested (fig. 3). The time may be as short as 
five minutes with strong venom solution, increasing to from forty 
to sixty minutes with dilute venom solutions. This time relation- 
ship also is sufficiently constant to serve as a titration index for 
cobra venom. ; 


II. SOURCES OF ERROR 


In testing the reactions of the isolated rabbit heart to cobra 
venom we have come to recognize certain possible sources of 
error. Among these are: 

(a) Seasonal variations in cardiac resistance. The isolated 
rabbit heart has a maximum cobra venom resistance during the 
summer months, and a distinct cobra venom hypersusceptibility 
during the winter months. Thus the heart of a normal autumn 
rabbit requires a dilution of 1:200,000 cobra venom in order to 
bring it to a complete standstill in twenty minutes, while the 
heart of a normal winter rabbit is brought to complete standstill 
in the same period of time by a venom dilution as great as 
1:750,000. 

(b) Hypersensitiveness from intercurrent infections. A cobra 
venom hypersusceptibility is produced by intercurrent infections. 
Thus in two of our parallel tests, the heart of a normal rabbit 
resisted inactivation by 1:500,000 C.V. for thirty-five minutes, 
while the heart of a “‘snuffles” rabbit was inactivated by the same 
venom solution in fifteen minutes. 
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(c) Hypersensitiveness from previous toxic injury. Equally 
marked venom hypersusceptibility is produced by the previous 
injection of toxic agents. A subcutaneous injection of peptone, 
for example, increases the cobra venom susceptibility. This 
hypersusceptibility can be detected as early as twenty-four hours 
after the peptone injection. It usually disappears within two 
weeks. This phenomenon was recently described by Heymans 
(4) as a non-specific anaphylaxis. 

(d) Non-agreement of duplicates. Care being taken to exclude 
error from the above sources, it was found that duplicate normal 
controls differ within fairly narrow limits. Differences in in- 
activation time rarely exceed two minutes; differences in time 
of maximum final tone rarely exceed five minutes. Variations 
within these limits, therefore, are without immunological 
significance. 


III. METHOD OF SENSITIZATION AND IMMUNIZATION 


The cobra venom M.uL.pD. for medium sized rabbits is approxi- 
mately 1 mgm. Injected intravenously, 1 mgm. usually kills 
within twenty minutes; injected subcutaneously, within twelve 
hours. 

Rabbits were injected subcutaneously with an initial dose of 
0.1 mgm. cobra venom. The dose was repeated at five day in- 
tervals, and gradually increased to a maximum dose of 1 mgm. 
This maximum was usually reached by the tenth injection. 
Subsequent injections were usually made at seven day intervals. 

(a) Hypersensitive stage. About 25 per cent of the rabbits 
died about the time of the fourth to sixth injection. Rabbits 
receiving from three to five injections were therefore taken to 
represent the hypersensitive stage. 

(b) Immune stage. After ten injections a distinct immunity 
is demonstrable, rabbits at this stage resisting subcutaneous 
injections of 20 mgm. cobra venom. This resistance rises to 
over 80 mgm. by the twentieth injection. Rabbits receiving 
from ten to twenty venom injections were therefore taken to 
represent the immune stage. 
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IV. MYOCARDIAL ADAPTATIONS 


(a) Transient hypersusceptibility. A distinct cobra venom 
hypersusceptibility is demonstrable in the isolated rabbit hearts 
for at least a week following a subcutaneous venom injection (4). 
Thus, in two of our parallel tests, the heart of a rabbit, removed 
three days after a single subcutaneous injection of cobra venom, 
was inactivated by 1:750,000 C.V. in 8 minutes and thrown into 
final contraction in 1/7 minutes, as contrasted with 17 minutes 
and 28 minutes respectively for its normal control. 

This hypersusceptibility usually disappears within ten days. 
We believe this hypersusceptibility cannot be looked upon as a 
true anaphylactic phenomenon, but must be regarded as a tran- 
sient pseudoanaphylaxis due to myocardial injury. 

(b) Permanent adaptations. In order to avoid error from this 
transient hypersensitiveness, a convalescent period of at least 
two weeks was allowed to elapse between the final venom injec- 
tion and the cardiac test. Hearts tested at this later period have 
been divided into two groups: 

(i) Hypersensitive stages. The hearts of six rabbits were 
tested during the hypersensitive stage. The venom dilutions 
used in making these tests varied from 1:100,000 to 1:750,000. 
Three of these hearts gave reactions identical with their normal 
controls, one heart showed a slight apparent hypersensitiveness, 
and two hearts a slight apparent immunity. The variation from 
the normal control, however, was in no case greater than varia- 
tions occasionally noted between duplicate normal hearts. 

The average or composite picture of these six hearts shows a 
heart inactivated in 74 minutes, and thrown into final contraction 
in 21.5 minutes, as compared with 13.5 minutes and 20 minutes 
respectively for the composite normal control. 

(ii) Immune stage. The hearts of six rabbits were tested in the 
immune stage. The venom dilutions used in making these tests 
varied from 1:200,000 to 1:1,000,000. Two of these hearts gave 
reactions identical with their normal controls, two showed a 
slight apparent hypersensitiveness, and two a slight apparent 
immunity. The variation from the normal control, however, 
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was in no case greater than variations often seen between dupli- 
cate normal hearts. 

The average or composite picture of these six hearts shows a 
heart inactivated in 18.2 minutes and thrown into final contrac- 
tion in 23 minutes, as compared with 19 minutes and 20.5 minutes 
respectively for the composite normal control. 

(ii) Composite picture. The composite picture of the twelve 
hearts tested shows a heart inactivated in 1/6./ minutes and 
thrown into final contraction in 22.3 minutes, as compared with 
16.2 minutes and 20.3 minutes respectively for the composite 
normal control. 


V. CONCLUSIONS 


Within the limits of the experimental error, and with the 
technique employed, there is therefore no demonstrable per- 
manent change in myocardial resistance to cobra venom, either 
during the hypersensitive stage or during the stage of immunity. 
The cardiac tissues therefore apparently play a purely passive 
role in immunological adaptation to cobra venom. 


VI. SUMMARY 


1. Hearts of rabbits sensitized or immunized to cobra venom 
are identical with normal rabbit hearts in their resistence to 
cobra venom. 


2. The cardiac tissues therefore apparently play a purely 
passive role in immunological processes against cobra venom. 
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In 1916 we began a study of the laws governing the topographi- 
eal distribution of microérganisms in the animal body by the 
application of perfusion methods to isolated organs and tissues. 
Our initial tests were with pneumococci and rabbits. On re- 
suming this line of work we have sought first of all to determine 
whether or not the laws governing the distribution of penumo- 
cocci in rabbits hold for other microérganisms and for other 
animal species. The present report is based on perfusion experi- 
ments with dogs. 

Technique. To make the perfusion tests, an afferent cannula 
is tied in the main artery supplying the organ or group of tissues 
to be tested, and an efferent canula in the main vein coming from 
these parts. The collateral circulation is ligated. The part is 
washed free from blood by a preliminary prefusion with Ringer’s 
solution, and then repeatedly perfused with Ringer’s .solution 
containing a known number of microérganisms per cubic centi- 
meter. Samples of the perfusion fluid are taken at the end of 
each passage, and the number of residual microédrganisms in 
each sample determined by plating methods. The method of 
course is limited to the study of microdrganisms not killed or 
agglutinated by serum, and to microdrganisms that can be 
obtained in suspensions free from clumps. 

Interpretation of results. The microbic-affinity of an organ 
or group of tissues may be expressed as the average percentage of 
microorganisms deposited in these tissues per passage of the 


1Presented before the American Association of Pathologists and Bacteriologists, 
Washington, D. C., May 2, 1922. 
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perfusion fluid. For example, if the perfusion fluid originally 
contained 10,000,000 microédrganisms per cubic centimeter, and 
this number is reduced to 8,000,000 by the end of the first pas- 
sage, to 6,500,000 by the end of the second passage, and to 
5,000,000 by the end of the third passage, the microbic affinity 
of the tissues tested can be expressed as approximately 20 per 
cent. We have arbitrarily selected the residual counts at the 
end of the third and fifth passages as the basis for this calculation. 
Unless otherwise stated, percentages hereinafter recorded are 
based on this arbitrary standard. 


I. LAWS GOVERNING MICROBIC-TISSUE AFFINITY 


From data thus far obtained, it appears that the microbic 
affinities of canine tissues are governed by the following laws: 

1. The microbic-tissue affinity varies with the tissue tested. Data 
showing the relative affinities of certain canine tissues for S. 
aureus are given in figure 1. From these data it appears that 
the tissues showing the lowest staphylococcus affinity are the 
brain and adjacent portions of the meninges. Fully 92 per cent 
of the staphylococci remain in the perfusion fluid, after twelve 
passages through these tissues, giving a calculated staphylococcus 
affinity less than 0.5 per cent. 

Most of the tissues, however, show a staphylococcus affinity, 
varying from 4 per cent (isolated intestine) to 6 per cent (iso- 
lated lungs). Two tissues show an exceptionally high staphylo- 
coccus affinity: the spleen with a staphylococcus affinity of 60 per 
cent, and the liver with a staphylococcus affinity of 80 per cent. 

2. The microbic-tissue affinity varies with the microérganism 
tested. Data showing the relative hepatic affinities for certain 
typical microérganisms are given in part I, figure 2. The 
microorganisms thus far tested may be divided into three groups: 

Group I. Microérganisms for which the canine liver has a very 
high affinity. The hepatic affinity for this group of microérgan- 
isms varies from 40 per cent (B. colz) to 80 per cent (S. aureus). 

Group II. Microérganisms for which the canine liver has a 
relative low affinity. The hepatic affinity for this group varies 
from 10 per cent (B. bisepticus) to 25 per cent (B. anthracis). 


o—— 


0 1 2 3 4 5 6 7 8 9 10, 22. 42 
Fig. 1. SrapHy.tococcus AFFINITIES OF DIFFERENT CANINE TISSUES 


Perfusions with S. aureus, eighteen hours cultures in nutrient broth containing 
20 per cent dog serum. The cultures consisted mainly of single cocci with occa- 
sional diplocci. No clumps. Perfusion fluids contained from 1,000,000 to 
5,000,000 microdrganisms per cubic centimeter. Plate counts recorded as per- 
centage s of initial counts. 

A = Perfusion of brain and adjacent tissues. Calculated microbic affinity = 
0.5 per cent. 

B = Perfusion of isolated loop of intestine. Calculated microbic affinity = 
4 per cent. 

C = Perfusion of lungs. Calculated microbic affinity = 6 per cent. 

D = Perfusion of spleen. Calculated microbic affinity = 60 per cent. 

E = Perfusion of liver. Calculated microbic affinity = 80 per cent. 
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Fig. 2. Tissuk AFFINITIES FOR DIFFERENT MICROORGANISMS 


I. Perfusion of normal liver. 

A = Composite picture of S. aureus and B. coli. Calculated microbic affinity 
= 60 per cent. 

B = Composite picture of B. anthracis and B. bisepticus. Calculated microbie 
affinity = 15 per cent. 

C = Composite picture of three perfusions with B. lactis aerogenes. Calculated 
microbic affinity = 4 per cent. 

II. Perfusion of normal spleen. 

A = S. aureus. Calculated microbic affinity = 60 per cent. 

B = B. lactis aerogenes. Calculated microbic affinity = 20 per cent. 
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Fig. 3. Errects oF IMMUNIZATION ON Micropic-HEpatic AFFINITY 


IIT. Perfusions with B. anthracis. 

A = Normal liver (control). Calculated microbie affinity = 20 per cent. 

B = Immune liver. Calculated microbic affinity = 80 per cent. 

IV. Perfusions with B. lactis aerogenes. 

A = Normal liver (control). Calculated microbie affinity = 4 per cent. 

B = Immune liver. Calculated microbic affinity = 10 per cent. 

C = Immune liver with7 per cent immune serum added to the perfusion fluid. 
Calculated microbic affinity = 60 per cent. 
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Fig. 4. SEROLOGICAL ANALYSIS 


V. Perfusions of normal liver with B. lactis aerogenes. 

A = Serum free perfusion (control). Calculated microbic affinity = 4 percent. 

B = 7 per cent immune serum added to the perfusion fluid. Calculated micro- 
bic affinity = 60 per cent. 

C = 7 per cent heated immune serum added to the perfusion fluid. Caleu- 
lated microbic affinity = 15 per cent. 

VI. Perfusions of normal liver with sensitized microérganisms. 

A = Perfusion with non-sensitized B. lactis aerogenes (control). Calculated 
microbic affinity = 4 per cent. 

B = Perfusion with sensitized B. lactis aerogenes. Calculated microbic 
affinity = 40 per cent. 
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Group III. Microérganisms for which the canine liver has 
little or no affinity. A typical member of this group is B. lactis 
aerogenes. ‘This microérganism is deposited in the liver in con- 
siderable numbers during the first passage of the perfusion fluid, 
but is washed out from the liver practically quantitavely on sub- 
sequent passages of the perfusion fluid. The calculated affinity 
based on the residual counts at the end of the third and fifth 
passages is less than 4 per cent. 

This grouping of microédrganisms with reference to their 
hepatic affinities gives a grouping that also holds for the spleen 
(part IT, fig. 2.) 

3. The microbic-hepatic affinity is increased by immunization. 
Data showing such increases are given in figure 3. The data 
show the B. anthracis-hepatic affinity increased from 25 per cent 
to 80 per cent, and the B. lactis aerogenes-hepatic affinity from 
4 per cent to 10 per cent as a result of immunization. 

4. The microbic affinity of the immune liver is further increased 
by the addition of immune serum in the perfusion fluid. Data 
showing such an increase are given in part IV, figure 3. The 
B. lactis aerogenes-hepatic affinity is here increased from 10 per 
cent to 60 per cent by the addition of 7 per cent immune serum 
to oe perfusion fluid. 

_ A microbic-hepatic affinity practically identical with that “of 
an immune liver is conferred upon a normal liver by the addition 
of immune serum in the perfusion fluid. Data showing such 
passive microbic-hepatic affinity are given in part V, figure 4. 
Here the addition of 7 per cent immune serum in the perfusion 
fluid increases the B. lactis aerogenes affinity of the normal liver 
from 4 per cent to 60 per cent. 

6. The serum component responsible for this passive microbic- 
hepatic affinity is thermolabile. Heating the immune serum to 
60°C. for thirty minutes reduces the passive B. lactis aerogenes- 
hepatic affinity from 60 per cent to 15 per cent (part V, fig. 4). 

7. The serum component increases the microbic-hepatic affinity 
by acting wpon the microérganisms. Carefully washed, sensitized 
B. lactis aerogenes in serum free suspensions show a calculated 
hepatic affinity of 40 per cent as contrasted with the 4 per cent 
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affinity of non-senstitized B. lactis aerogenes (part VI, fig. 4). 
The serum component, therefore, can be conveniently classified 
as an endothelial opsonin. 

8. The endothelial opsonin ts also operative with the spleen. So 
far as tested however it 1s inoperative with the other extra-hepatic 
tissues. ‘Thus, in a serum free perfusion of canine lungs with 
B. anthacis, 82 per cent of the microérganisms remained in the 
perfusion fluid at the end of the twelfth passage. A parallel 
perfusion with 7 per cent immune serum added to the perfusion 
fluid, gave a residual count of 80 per cent. (The bone marrow 
has not yet been tested.) 


II. TOPOGRAPHICAL DISTRIBUTION OF MICROORGANISMS IN 
THE ANIMAL BODY 


On intravenous injection, therefore, the topographical distri- 
bution of microérganisms in canine tissues is apparently governed 
by the amount of specified endothelial opsonin present in the 
circulating blood. With different amounts of specific opsonin, 
the microbic distribution would be approximately as follows: 

1. In the absence of specific endothelial opsonin: This condition is 
illustrated by injection of B. lactis aerogenes in normal dogs. 
Here the topographical distribution is governed by a 4 per cent 
microbic-hepatic affinity, a 20 per cent microbic-splenic affinity, 
and a microbic affinity varying from 4 per cent to 6 per cent for 
the remaining tissues, the exception being the 0.5 per cent 
microbic affinity of the central nervous system. The micro- 
organisms therefore would tend to be fairly evenly distributed 
throughout the body, with a relatively small deposit in the cen- 
tral nervous system and relatively large deposit in the spleen. 
On account of the small size of the spleen, however, the splenic 
localization would not materially reduce the number of micro- 
organisms deposited in other tissues. 

2. Inthe presence of large amounts of specific endothelial opsonin: 
This condition is illustrated by S. awreus injections in normal 
dogs (normal endothelial opsonins) and by B. lactis aerogenes 
injections in immune dogs (immune endothelial opsonins). Here 
the topographical distribution is governed by an 80 per cent 
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microbic-hepatic affinity, and a 60 per cent microbic-splenic 
affinity; the remaining extra-hepatic affinities being the same 
as in the absence of specific opsonin. On account of its large 
size and abundant blood supply, the liver would be the dominant 
factor in this distribution, the majority of the microorganisms 
being deposited in this organ. The remaining microorganisms 
would show a relatively large splenic deposit and a distribution 
throughout the remaining extra-hepatic tissues in approximately 
the same relative numbers as in the absence of specific opsonin. 
3. In the presence of small amounts of specific endothelial 
opsonin. This condition is illustrated by B. anthracis and B. 
biscepticus injections in normal dogs. Here the topographical 
distribution would be intermediate between (a) and (b). 


Ill. SUMMARY 


1. The microbic-tissue affinity of an organ or group of tissues 
may be expressed as the average percentage of microorganisms 
deposited in these tissues per passage of a perfusion fluid. 

2. The microbic-tissue affinity varies with the organ or group 
of tissues tested. Thus, the central nervous system shows a 
microbic affinity of 0.5 per cent, the spleen a microbic affinity 
varying from 20 per cent to 60 per cent, and the liver a microbic 
affinity varying from 4 per cent to 80 per cent, depending upon 
the microorganisms tested. The remaining extra-hepatic tissues 
show affinities varying from 4 per cent to 6 per cent. 

3. The microbic-hepatic affinity is increased by immunization. 
The immune liver shows an affinity of at least 80 per cent for all 
microorganisms thus far tested. 

4. This increased hepatic affinity is due to the action of specific 
endothelial opsonins. 

5. The endothelial opsonins also increase the microbic-splenic 
affinity. So far as tested, however, they are inoperative with 
the other extra-hepatic tissues. 
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The “cellular theory” of anaphylaxis seems at the present time 
to offer the most tenable conception of this phenomenon. That 
the reaction occurs peripheral to the central nervous system 
has been well established. Coca (1) and Wells (2) have thor- 
oughly reviewed the literature bearing on the cellular and 
humoral theories of anaphylaxis and point out that the experi- 
mental evidence supports the contention that humoral reactions 
play no important role in anaphylaxis. The experiments on 
isolated smooth muscle as carried on by Schultz (3) and later 
by Dale (4) and Weil (5) have supplied valuable data in support 
of the “‘cellular theory.” 

Since the reaction is cellular and peripheral it must act upon 
the smooth muscle, the nerve or the neuromuscular connections. 
Auer’s (6) experiments in which he demonstrated that the. 
bronchial constriction appeared alike in both lungs of an animal 
when the vagus nerve on one side had been sectioned and allowed 
to degenerate seem to exclude the peripheral nerve as a factor 
in the response. There was, of course, no assurance that the 
neuromuscular connection had degenerated. Whether the ana- 
phylactic reaction is a result of stimulation of the muscle directly 
or on the neuromuscular mechanism seems to us to be an open 
question. Auer (7) and others have demonstrated that atropine 


1 Part of the expense incurred in this research was covered by a grant of the 
Research Committee of the University of Kansas. 
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has a marked prophylactic action by preventing the constriction 
of the bronchial musculature in sensitized guinea-pigs when 
treated with a fatal dose of the antigen. It has not been shown 
that the atropine action was entirely on the smooth muscle, rather 
than on the nerve-endings unless it is assumed that the nerve- 
endings are degenerated. 

So far as we know there is no report in the literature showing 
the action of atropine on the anaphylctic reaction of smooth 
muscle in vitro where uterine strips are used. Dale (8) has shown 
that this reaction is suppressed by hypertonic salt solutions. 

The work reported in the following pages was undertaken to 
determine, if possible, whether the anaphylactic reaction as ex- 
hibited by uterine muscle of the guinea-pig was confined entirely 
to the muscle itself. It was hoped that evidence might be ob- 
tained that would contribute towards the answer of the following 
questions. 

1. The effect of varying doses of atropine upon the activity of 
normal and sensitized uterine strips suspended in oxygenated 
Tyrode’s Solution under conditions to be described later. 

2. The influence of atropine upon the so-called toxic reactions 
produced by native proteins when applied to the uteri of normal 
guinea-pigs. 

3. The influence of varying doses of atropine upon the specific 
response of uterine horns from sensitized guinea-pigs. 


EXPERIMENTAL METHODS 


Uterine horns from virgin guinea-pigs weighing from 150 to 
450 grams were used in all the experiments. The animals were 
killed and the uterine horns were quickly removed with the 
least possible disturbance. Both horns of the uterus were used 
in all cases. The horns were attached by ligatures to the hook 
of a muscle warmer and a light heart lever the arms of which had 
a ratio of 2:1 so that the records on the drums were double the 
actual contraction. The lever was so weighted that the pull 
of the muscle was against 0.5 gram except in a few experiments 
where the horns were very slender when the weight was reduced. 
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The muscle strips were immersed in 25 ec. Tyrode’s solution in 
the glass tube of the muscle warmer. A steady stream of oxygen 
was allowed to bubble through the solution. <A siphon tube was 
connected to the muscle warmer so that the Tyrode’s solution 
could be quickly changed without disturbance to the muscle. 
A uniform temperature of 38°C. was maintained in a solution 
surrounding the muscle warmer. 

Both the left and right horns of the uteri were used, care being 
taken to perform the tests in the opposite order in different ex- 
periments, so as to exclude any possible difference due to keeping 
one horn longer than the other out of the solution. The Tyrode’s 
solution was prepared according to the ordinary formula as 
given by Sollman (9) except that one-half of the regular amount 
of calcium chloride crystals was used. Dale found that irregular 
contractions of the uterus 7n vitro were less likely to occur when 
less calcium was used in the solution. We found that when the 
full amount of calcium was used there was a tendency for the 
uterus to enter into irregular contractions. The atropine solu- 
tions were made up with atropine sulphate in aqueous solutions, 
having concentration of 1:100. The pituitary extract was used 
to determine whether the uterine muscle was still irritable to 
stimulating influences even though it had failed to respond to the 
antigen following treatment with atropine. For the preparation 
of crystalline egg albumin we used the methods suggested by 
Hopkins (10). 


RESULTS 
(a) The specificity of the antigen applied to uteri of virgin guinea-pigs 


In order to determine the degree of specificity and the per- 
centage of sensitization of guinea-pigs in our hands a series of 
19 animals were injected with 1 cc. of egg white (1:1), 16 received 
crystalline egg albumin in salt solution (50 to 200 mgm. each), 
and another series were treated with 1 cc. of dog serum. Of 
the 19 pigs injected with egg white the uterine horns of 12 gave a 
definite response similar to that shown in figure 1 when treated 
with 0.1 to 0.5 ec. of a 1:10 dilution of egg white in 25 cc. Tyrode’s 


Q4 O. O. STOLAND AND N. P. SHERWOOD 


solution. Fifteen of the 16 receiving crystalline egg albumin 
were specifically sensitized. In 9 of the 12 cases 0.1 cc. of the 
egg white dilution produced response. ‘These preparations were 
all refractory to dog serum or horse serum applied in 0.1 to 0.5 
ee. doses of 1:10 dilution. The uteri of the 6 animals sensitized 
with 1 cc. dog serum all gave definite response to 0.1 to 0.5 ce. 


Fig. 1 Hies2, 


Fie. 1. Right Uterinr Horn or VirGIN GUINEA-PIG 


Sensitized to egg white thirty-five days previous. At 1 added 0.1 cc. dog’s 
serum (1:10) to Tyrode’s solution. No response. At 2 added 0.2 ec. egg white 
1:10. Showing response. 


Fig. 2. Lerr Horn or Uterus oF VIRGIN GUINEA-PIG 


Sensitized to dog serum thirty-one days previous. At 3 added 0.5 ce. egg 
white 1:10. No response. At 4 added 0.1 cc. dog serum 1:10, showing typical 
response. 


of a 1:10 dilution of dog serum and all but one were refractory 
to a similar dose of egg white or horse serum. Figure 2 shows a 
tracing which is typical of the series. The uteri were invariably 
desensitized to the antigen following the first administration. 
The above results confirm the findings obtained in similar experi- 
ments by others. 
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(b). The influences of atropine on the reaction of uteri of sensitized 
guinea-pigs 


The results obtained in this series are tabulated in table 1. 
Figure 3 shows typical tracings from right and left uterine horns. 
The animals were injected with egg white, dog serum or horse 
serum three weeks or longer before the experiment. One horn 


TABLE 1 


Effect of atropine on the reaction of one of the uterine horns of sensitized guinea-pigs 
to an antigen. The opposite horn had in each case shown marked response to 
a similar or smaller dose of antigen 


ATROPINE 
NUMBER |W EIGHT ANTIGEN geome ACTION FROM ATROPINE REACTION FROM ANTIGEN 
SOLUTION 
ce, 
2 370 | Egg white 1 Increased tone No reaction to egg 
white 2 cc. (1:10) 
4 350 | Egg white 1 Increased tone | No reaction 
and contraction 
9 300 | Egg white 2 Increased tone No reaction to 1 ce. egg 
white (1:10) 
10 315 | Egg white 2 Increased tone No reaction to 0.14 ce. 
egg white 
14 355 | Egg white 1 Increased tone | No reaction to 1 cc. egg 
and contraction| white 
15 450 | Egg white 1 Increased tone No response to 0.15 ce. 
egg white 
ile 360 | Egg white i Increased tone No reaction to 0.2 ce. 
egg white (1:10) 
20 325 | Dog’s serum 1 Increased con-| No response to 0.1 ce. 
tractions dog’s serum (1:10) 
21 415 | Dog’s serum 1 Increased tone No response to 1 ce. 
dog’s serum (1:10) 
24 325 | Dog’s serum if Contractions and} No response to 1 ce. 
decreased tone dog’s serum (1:10) 


of each uterus was used for the atropine effect and the other to 
determine sensitization. Only sensitized animals as shown by 
response of the uterus to the specific antigen are recorded in this 
table. The amount of antigen introduced into the Tyrode’s 
solution surrounding the smooth muscle under the influence of 
atropine was generally applied in larger doses than was necessary 
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to produce response in control preparation. It will be seen from 
the table that the atropine in every case prevented the action. of 
the reacting dose of egg white or dog serum. ‘That the atropine 
did not paralyze the smooth muscle in these cases is shown by 
the fact that toxic doses of the antigen occasionally produced 
contractions and that the uteri always responded to a stimulating 
dose of pituitary extract. Figure 4 gives tracings obtained in 
such an experiment. Doses of atropine up to 2 cc. of a 1 per cent 


Fic. 3. Rigut (LowER) AND Lert (UprpER) Horn or UTERUS oF 350 GRAM 
GUINEA-PIG SENSITIZED TO EcGa WHITE 


Upper tracing 1 shows response to 0.1 ce. 1:10 egg white. Lower tracing at 
2,2 cc. atropine 1 per cent; at 3, 0.1 ec.1:10 egg white was added. No response. 
At 4 and 5, 0.3 ce. and 1 cc. 1:10 egg white was added with no response in either 
case. Time record thirty seconds. 


solution invariably produced an increased tone of the uterine 
muscles. To eliminate this factor larger doses of atropine, 4 ce. 
of 1 per cent solution were used. The larger doses generally pro- 
duced no change in tone although in a few cases there occurred 
increase or decrease in tone. The smooth muscle was always 
refractory to reacting doses of the antigen following the larger 
doses and always reacted to pituitrin. 
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(c). The reaction of normal guinea-pig uteri under the influences 
of atropine to toxic doses of proteins 


The results obtained in this series of experiments are recorded 
in table 2. Figure 5 shows a typical tracing. The results are 
not so conclusive as with sensitized preparations. Some re- 


TABLE 2 


Effect of atropine upon the reaction of uteri from non-sensitized guinea-pigs to 
toxic doses of protein 


soso cans 
PERCENT 
aera WEIGHT oAoh eee ACTION OF ATROPINE REACTION TO ANTIGEN 
NUMBER TYRODE’S 
SOLUTION 
grams ce. 

27 410 1 Rise in tone No reaction to 0.2 straight dog 
serum or 0.2 straight egg 
white 

28 240 1 Marked increase| Slight response to 0.5 ce. 

in contraction| straight dog serum 
and slight rise 
in tone 
29 240 0.25 | Rise in tone and | 3 cc. egg white gives response 
increase in con- 
traction 
30 300 1 Marked rise in| Response to 0.2 cc. dog serum 
tone and in- 
crease in con- 
tractions 

31 245 0.25 | Rise in tone and | Response to 3 cc. egg white 

increased con- 
tractions 

32 200 0.25 | Rise in tone 0.3 cc. dog serum gives response 

33 435 0.25 | Give rise in tone | 3 ec. egg white gives response 

34 324 1 Rise in tone and | Response to 5 cc. dog serum 

increase in con- (1:10) 
tractions 
35 320 1 Rise in tone Very slight response to serum 


sponse to the protein following the administration of atropine 
generally occurred although in some cases the action of the pro- 
tein was negative. The data obtained in the series show that 
the toxic protein reacts with a different part of the mechanism 
of the uterus than in the case of the anaphylactic reaction. 
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That the response is due to toxic by-products and not to the pro- 
tein was demonstrated by some experiments with purified eg 
white. Large doses of purified egg albumin failed to produce 
contraction in the uteri of virgin guinea-pigs before or after 


Fic. 5. Urerus or NorMAL VIRGIN GUINEA-PIG 


Upper curve at 6, 3 cc. dog’s serum. 
Middle curve at 4, 4 cc. atropine J per cent at 5, 3 cc. dog’s serum. 
Lower curve at 4, 1 cc. atropine 1 per cent at 5, 5 cc. dog’s serum. 


atropine administration provided the albumin was free from 
magnesium or ammonium sulphate used in the purification. We 
found that when there was a response to purified albumin it 
could be accounted for by the action of the salts present. 
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DISCUSSION OF RESULTS 


From the foregoing data, it will be observed that small doses 
of atropine, i.e., doses ranging from 0.25 ec. to 2 ec. of 1:100 very 
commonly cause a marked rise in tone, but that the strips were 
still susceptible to an additional response when pituitary was 
added. That while in this condition as a result of the effect of 
atropine, no response was obtained from a reacting dose of the 
specific protein and very slight or no effect from toxic doses so 
long as the tone remained at the high level. In normal pigs 
when there was a drop in tone following the initial rise produced 
by atropine, there was an additional response to a toxic dose of 
protein. This did not occur in our experiments except when the 
tone had dropped below the first level attained after the addition 
of atropine. When as much as 4 cc. of 1 per cent atropine was 
added to the same there is very little change in tone either in 
strips from sensitized or normal guinea-pigs. The muscles, 
however, are refractory to the toxic response to large doses of 
native proteins. That these doses of atropine do not paralyze 
the muscle is indicated by response to the pituitary. One ex- 
planation that might be offered for the action of small doses in 
preventing specific or toxic response is that the atropine stimu- 
lated the augmentor mechanism and produces practically the 
same degree of response that is produced by either small doses 
of the specific protein or toxic doses of the native proteins, and 
so long as the tone is at this level, the latter substances would not 
show any apparent effect. 

In other words, the apparent protective effect of small doses 
may be more apparent than real and perhaps entirely different 
from the protecting effect of large doses in which there is no 
increase in tone. This is probably explainable upon the basis 
of paralysis of the intrinsic mechanism. That the cells are not 
paralyzed as Auer found in his study of the effect of atropine 
on the smooth muscle of the lungs, is suggested by the response 
which the uterine strips gave to stimulation by pituitary extract. 
Occasionally it was observed that the addition of toxic doses 
of egg-white to normal strips produced a rise and that when 
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atropine was added relaxation occurred. In conditions like this, 
the muscle was susceptible to toxic action of egg-white. 

The work of Auer (6) which has been previously cited is per- 
haps the most notable recent piece of research that has been 
carried out in an attempt to explain the mechanism of the specific 
smooth muscle response in the guinea-pig. In analyzing his 
experiments and results it is interesting to note that the sectioning 
of either the right or left vagus nerve and occasionally of both 
vagi either before or after sensitization had no effect upon specific 
response of the muscle of the lungs. This, however, as Auer is 
apparently aware, is of value only in that it shows that the effect 
is either upon the muscle or upon the nervous mechanism between 
the muscle and the point of sectioning or upon the nervous mech- 
anism outside of the vagi. Auer felt that there is very little 
experimental evidence to support the latter contention. 

In an effort to determine whether the protein acted upon a 
nervous mechanism or the muscle proper, Auer resorted to 
nervous degeneration experiments which were evidently thoroughly 
and satisfactorily performed. That is, he resected the vagus 
and permitted degeneration to occur for periods ranging from 
thirty to fifty-seven days and then inoculated with a toxic dose 
of protein. The animals responded normally. Concerning the 
interpretation of this work, it would seem that the results which 
Auer obtained concerning the occurrence of crossing over fibers 
from the vagus of the opposite side might be of importance. 
His tracings show that occasionally in a sensitized guinea-pig 
with both vagi cut the stimulation of the right peripheral 
vagus produced marked constriction in theleft lung, thus showing 
that each lung probably receives motor fibers from the opposite 
vagus in a certain per cent of animals. This, along with a care- 
ful scrutiny of tracings given, would seem sufficient to cause one 
to hesitate to draw any sweeping conclusions and would apparently 
leave the question still an open one as to whether the nervous 
mechanism played a rodle in the smooth muscle response. It 
may well be that one of the greatest difficulties involved in the 
study of this problem is that to date the exact nature of the myo- 
neural junction or receptive substance is not known,—that is, 
one is apt to speak of muscle and nerve without realizing that 
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they may not be so sharply differentiated at the point of contact 
as might be supposed from a casual reading of the literature. 
In the tracings which we have obtained here our findings would 
seem to lend themselves to the following interpretation: Rela- 
tively large doses of atropme prevented the specific response 
without apparently affecting the tone. That these muscles were 
not paralyzed would seem to be indicated by their response to 
pituitary extract. That is, after the contractile substance of a 
muscle is paralyzed it would not seem possible to produce further 
stimulation by pituitary. In order that we can make ourselves 
clear upon this question we will differentiate between anatomical 
nerve ending, myoneural junction and contractile substance of 
the muscle cell. Apparently, then, atropine blocks or paralyzes 
something that is necessary for the response and that is not the 
contractile substance of the muscle cell. Ordinarily atropine acts 
as an antagonist to pilocarpine and from our work it would seem 
that pilocarpine probably affects that part of the mechanism 
which is also affected by the specific protein and that this is 
what is paralyzed by the atropine. In other words, we feel that 
we have sufficient evidence to warrant the assumption that in 
addition to any stimulation which specific protein might have 
upon the muscle cell direct, under favorable conditions, the thing 
that is directly stimulated in the uterine strips experiments 
in vitro is the receptive substance and probably that part of it 
known as the myoneural junction. We realize that our experi- 
ments concern only excised uterine strips of virgin guinea-pigs 
and that one is not warranted in making sweeping comparisons 
between experiments in vitro and experiments in vivo. Dale and 
Laidlaw (’11) and others have shown that there is a difference 
in the effect of drugs upon the uterus in situ and the excised 
uterus. That while pilocarpine inhibits the uterus in situ, it 
stimulates the excised uterus. This has been explained as due to 
the stimulation of the adrenals by the pilocarpine. We also are 
aware that the method of using antagonistic action of drugs in 
locating the point of action of any drug has been the subject of 
much criticism and must be used with great care. However, in 
choosing pituitary extract to follow that of atropine, it would 
appear that this criticism, so far as our knowledge consists at 
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present, would not invalidate the results or inferences which we 
have drawn. For that reason we wish our conclusions considered 
as applying strictly to the excised uterine strips of virgin guinea- 
pigs. This, of itself, renders it difficult to make use of the data 
which we have obtained in criticising the work of Auer. 


SUMMARY AND CONCLUSIONS 


1. That the response of uteri from sensitized guinea-pigs 1s 
specific for antigev has been verified. 

2. Doses of atropine from 1 to 4 ce. of a 1 per cent solution 
added to 25 cc. Tyrode’s solution prevents the action of other- 
wise reactive doses of an antigen when applied to the horns of 
the uterus of a virgin guinea-pig. Smaller doses of atropine 
produce an increase in the tone of the uterine muscle, but larger 
doses (4 ec. 1 per cent) inhibit spontaneous contractions or de- 
crease the tone slightly. 

3. That the atropine does not paralyze the uterine muscle is 
shown by the fact that pituitrin added to the solution invariably 
results in contraction following the administration of atropine. 

A, It is suggested that the antigen acts upon the same mecha- 
nism in the neuromuscular complex of the uterus as does pilocar- 
pine. Its action is therefore neutralized by atropine. 

5. From the foregoing data we would seem warranted in 
assuming that that portion of the neuromuscular mechanism 
known as the myoneural junction plays an important role im 
specific response of uterine strips from sensitized virgin guinea- 
pigs. 
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These studies were undertaken in 1919 in codperation with the 
Division of Venereal Diseases of the New York State Department 
of Health with the purpose of determining the value of the comple- 
ment fixation test, as compared with other laboratory examina- 
tions, for the diagnosis of gonorrheain women. The development 
of a clinical classification and improvements in method for smear, 
culture and complement fixation diagnoses were accomplished 
during the first year. The clinical classification and a comparison 
of diagnoses by smear, culture and complement fixation in 50 
cases of mild, chronic gonorrhea in women were given in our 
preliminary report (1). Since then the time has been devoted to 
attempts to improve further the technic of the complement 
fixation test and to obtain an answer to the following questions: 
“Ts the gonococcus complement fixation test specific?” “Is it an 
aid to the clinician in diagnosis?” 

In attempting to answer the first question it is necessary to 
take up in detail the various factors in the test and, in discussing 
the possible defects, to show also the efforts that have been made 
to overcome some of these defects. 

Although the second question is, in part, dealt with by tables 
3 and 4, it is answered more fully in clinical papers published by 
Emily Dunning Barringer and E. von Bose (2) and by Barringer 
and Williams (3). 
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EXPERIMENTS TO IMPROVE THE GONOCOCCUS COMPLEMENT 
FIXATION TEST 


The technic of our diagnostic test was described briefly in 
our preliminary report (1) and later a detailed account of the 
method with interpretations of all the reactions was published 
in Pathogenic Microérganisms by Park and Williams (4). This 
method had been adopted by us as a standard before the present 
study was begun and has been continued as a standard, or con- 
trol, in our attempts to improve the test. 

Our experiments include: 

Investigation of various methods for the preparation of antigen. 

Tests as to the anticomplementary reaction of the patient’s 
serum and the presence of natural antisheep amboceptor. 

Standardization of complement. 


ANTIGEN 


Many experiments have been undertaken by us to develop an 
antigen that will give a higher percentage of positive complement 
fixation reactions with serums of gonorrheal patients. These 
experiments dealt with the antigenicity of the gonococcus, the 
advantage of polyvalent antigens and the comparison of various 
culture media for antigen production. 


Comparison of the antigenicity of the Torrey strains with recently 
isolated gonococct 


In 1916 Dr. Archibald McNeil invited our coéperation in his 
study of antigen preparations. We isolated gonococci from 28 
cases of acute urethritis in the male and made antigens of the 
new cultures at the same time and upon the same medium as 
the antigens prepared with the Torrey strains (5). Compara- 
tive tests of all the antigens were made with gonococcus immune 
rabbit serums and human gonorrheal serums. The freshly 
isolated cultures proved to be of lower antigenicity than the 
Torrey strains when tested with the same serums. The antigens 
from freshly isolated cultures had to be used in 1:10 dilution to 
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obtain the same reactions that occurred with the Torrey strains 
in 1:20 dilution. The new isolations have less growth in the 
forty-eight hours than the Torrey strains, but the suspensions of 
the new cultures before being diluted and the suspensions of the 
Torrey strains before dilution were macroscopically of the same 
density, and all the antigen suspensions were made by weighing 
the dried cocci and adding saline in the proportion of 1 gram 
of dried cocci to 200 ee. of saline solution. 

At the beginning of our present study, Miss Kutner isolated 
gonococci from 10 cases of gonorrhea and prepared an antigen 
from the cultures. These cases included both male and female 
adults. 

Our complement fixation tests with her antigen were similar 
to those obtained with our antigens made from freshly isolated 
cultures. 

In 1920 we isolated gonococci from 42 cases of gonorrheal 
vaginitis and made several polyvalent antigens. These, also, 
gave the same reactions in 1:10 dilution that the Torrey strain 
antigens gave in 1:20 dilution, thus, confirming the results of our 
two previous studies. 

These experiments convinced us that the Torrey strains had not 
lost their antigenicity, and we have continued to use them for our 
stock antigens. 


Will autogenous antigens and other monovalent antigens detect 
gonococcus antibodies that are missed by the Torrey 
strains? 


Up to the present time we have given very little study to this 
subject, but are planning to follow it more fully in the future. 

We have made three monovalent antigens: one from a culture 
isolated from acute gonorrheal vaginitis (Pecchio), one from a 
gonococcus isolated from Bartholin’s gland (Dolson), and one 
from the blood of a scarlet fever patient having the complication 
of gonorrhea (Fazzio). The Dolson and Fazzio cultures were 
identified as gonococci by positive agglutination reactions in high 
dilution. 
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The agglutination tests were made by Dr. John C. Torrey. 

The Pecchio antigen did not give a complement fixation reac- 
tion with the Pecchio human serum, but gave complete fixation, 
in 1:10 dilution, with a polyvalent serum from a rabbit immunized 
with the ten Torrey strains. The Pecchio human serum gave a 
weakly positive reaction with the Torrey polyvalent antigen. 
The Dolson monovalent antigen gave the same weakly positive 
reaction with its homologous serum as that serum gave with the 
Torrey polyvalent antigen and with the Fazzio monovalent anti- 
gen. These tests were made at the same time and with the 


TABLE 1 


Complement fixation with monovalent and polyvalent antigens 


ANTIGENS 


SERUMS Monovalent Polyvalent 


Pecchio dilution} Dolson dilution} Fazzio dilution | Torrey strains 
1:10 1:10 1:10 


dilution 1:20 
Pecchio (human) Negative | No test No test Weakly 
positive 
Dolson (human) No test Weakly Weakly Weakly 
positive positive positive 
Fazzio (human) No test Strongly Strongly Strongly 
positive positive positive 
Control. Rabbit immunized| Strongly Strongly Strongly Strongly 
with Torrey’s ten gono-| positive positive positive positive 
coccus strains 


same reagents. There was insufficient antigen prepared to 
continue the studies and the cultures were lost before another lot 
of antigen could be prepared. The following table shows these 
reactions: 

In the above tests it will be seen that the Pecchio serum did 
not react with its own antigen, but did react with the Torrey 
antigen. 

The Dolson and Fazzio serums gave the same reactions with 
their own antigens that they did with the Torrey antigen. The 
rabbit serum (Torrey strains) reacted with all the antigens. 
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Effects of culture media upon antigenicity of the gonococcus 


We have made polyvalent antigens with the ten Torrey strains 
upon various media, including salt-free-veal-agar, Vedder’s 
starch medium, glucose-ascitic-veal-agar, vitamin-agar, glycerine- 
horse-serum-veal-agar, and disodium-phosphate-agar. Our find- 
ings are that the antigenicity of the gonococcus is not affected 
by the culture medium if the medium gives an abundant growth 
within forty-eight hours. Antigens made from twenty-four-hour, 
or seventy-two-hour growths, have to be used in lower dilution 
than those made from forty-eight-hour growths. However, 
although the antigenicity of the gonococcus is not affected by the 
culture medium, its anticomplementary property may be in- 
creased. We have found the antigens made from growth on 
Vedder’s starch medium to be anticomplementary. JIodin tests 
revealed starch granules after the cocci had been washed many 
times to free them from the starch.' Media containing hemo- 
globin, also tend to produce an anticomplementary antigen. 
We have had uniformly good results with antigens made from 
growth on glycerine-horse-serum-veal-agar and on disodium- 
phosphate-agar. A small volume of antigen from growth on 
wheat medium was tried. There was not enough of the wheat 
medium antigen to test the human serums, but this antigen gave 
the same reaction with the gonococcus immune-rabbit-serum that 
the disodium-phosphate-agar antigen did. 

We are planning a more complete study of different methods of 
antigen production. 

THE PATIENT'S SERUM 


Two factors tend to give ‘‘false” reactions with the patient’s 
serum: the anticomplementary reaction of the serum and the 
presence of natural antisheep amboceptor. The former gives a 
so-called false positive reaction, and the latter a false negative 
reaction. 

Anticomplementary serums 


In this laboratory we have had less than 1 per cent of anticom- 
plementary patients’ serums that could not be controlled by heat- 


1 The tests for starch were made by Dr. McNeil. 
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ing. ‘The most notable example was a serum from a sixteen-year- 
old girl whose clinical diagnosis was ‘‘acute gonorrhea.” This 
patient was bled at intervals of one week for thirteen weeks. 
The bleedings were tested in two laboratories and all reports were 
returned as “‘anticomplementary. ”’ 

We tried a number of experiments to overcome this anticomple- 
mentary property. Upon the theory that the anticomplementary 
reaction in the patient’s serum is due to the presence of both 
antigen and antibody in the right proportion to absorb comple- 
ment, we tried to break down the antigen-antibody combination 
by adding either an excess of antigen, or an excess of antibody, 
but none of our experiments eliminated the anticomplementary 
property. 

Active and inactivated serums gave the same anticomple- 
mentary reaction. The simple method recommended by Breuer 
(6) was not tried on this serum, as his article had not been pub- 
lished at that time and his procedure had not been thought of by 
us. Breuer used a constant volume of patient’s serum with 
varying amounts of complement and found that he could always 
obtain some dose of complement that would enable him to make a 
diagnosis of serums that would be anticomplementary with the 
usual dose of complement. 


The presence of natural antisheep amboceptor in the patient’s 
serum 


The question of natural antisheep amboceptor is one to be 
considered. In table 2 are tabulated the results in a study of 
2374 bleedings from 753 patients. The incidence of natural 
antisheep amboceptor that gave a negative reaction in a positive 
serum was only 0.3 per cent. In 60.6 per cent of these 2374 
bleedings there was enough natural antisheep amboceptor to 
to hemolyze from one-fourth to three-fourths of the sheep cells 
in the hemolytic system. In 50 per cent of the bleedings repre- 
sented by the 60.6 per cent the small content of natural antisheep 
amboceptor did not interfere, apparently, with the complement 
fixation reaction. This conclusion was drawn from the fact that 
a human bleeding of one week might have no natural antisheep 
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amboceptor and would give a weakly-positive reaction, while on 
the following week a bleeding from the same patient might have 
enough natural antisheep amboceptor to hemolyze half the cells 
and continue the weakly-positive reaction. 

On the other hand, a number of serums having enough natural 
amboceptor completely to hemolyze all the cells in the hemolytic 
system have given a strongly positive reaction. In a recent 
example of this occurrence, the diagnostic test continued to be 
four-plus after standing in the water-bath for one hour, and then 
overnight in the ice-box. 

As a control for natural antisheep amboceptor, we have used 
the Kaliski (7) (8) modification of the Bauer (9) test, in which the 
natural antisheep amboceptor in the patient’s serum is utilized 
for completing the hemolytic system, and, in the event of there 
being no antisheep amboceptor, or less than one unit, enough 
artificial amboceptor is added to produce complete hemolysis 
in the hemolytic system. 

We have found the Kaliski method to be inadequate as a 
diagnostic test for the reason that a completely hemolyzed system 
is seldom obtained when artificial amboceptor is added to supple- 
ment the natural antisheep amboceptor. 

The nature.of the natural antisheep amboceptor reaction has 
not been explained sufficiently to enable one to control it abso- 
lutely. That an antigen in association with its homologous 
antibody can be dissociated from that antibody by the addition 
of an excess of artificial antisheep amboceptor is illustrated by 
the following example: 


Dissociation of antigen from its homologous antibody 


First period of the test 


DIAGNOSTIC TEST KALISKI-BAU ER CONTROL 
REAGENTS 


Serum control | Serum + antigen | Serum control | Serum + antigen 


SEIS See tes 0.04 | 0.02 | 0.02 0.01 | 0.04 | 0.02 | 0.02 0.01 


Antigen................|None}| None] 0.1 0.1 |None} None} 0.1 0.1 
Complement........... OS OIE at! ORE Om NOR OR 0.1 


Fixation period: one hour in water-bath at 37°C. 
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The foregoing chart shows the contents of all the tubes in the 
complement fixation tests up to the end of the fixation period. It 
will be noticed that the diagnostic test and the Kaliski-Bauer 
control contain exactly the same reagents in the same amounts. 
They are both fixed at the same temperature for the same time. 
Then, to the diagnostic test is added the standard dose of sensi- 
tized cells. (This dose contains 0.1 cc. of a 5 per cent suspension 
of sheep cells and two hemolytic units of antisheep amboceptor.) 
To the Kaliksi-Bauer control is added 0.1 ec. of a 5 per cent 
suspension of sheep cells without any artificial amboceptor. 
After the cells have been added to all the tubes, the tests are 
replaced in the water-bath for the second incubation and at the 
end of ten minutes the reactions are read. The following chart 
shows the reactions in the tubes at the end of the second incuba- 
tion period, after the addition of sensitized cells to the diagnostic 
test and 5 per cent suspension to the Kaliski-Bauer control: 


Second period of the test After ten minutes in water-bath 


DIAGNOSTIC TEST KALISKI-BAU ER CONTROL 
Serum control Serum + antigen Serum control Serum + antigen 
Reaction Completely Completely Completely | Completely 
| hemolyzed hemolyzed hemolyzed fixed 
Diagnosis Negative Four-plus 


Interpreted as strongly positive 


As the above test and control were identical up to the end of the 
fixation period, if the complement were fixed as shown in the 
reading of the Kaliski-Bauer control, it must, also, have* been 
fixed in the diagnostic test. Therefore, we conclude that the 
presence of natural antisheep amboceptor in the patient’s serum 
did not interfere with the fixation of complement, but, that the 
addition of an excess of antisheep amboceptor dissociated the 
gonococcus fixation amboceptor in the patient’s serum from the 
gonococcus antigen, thus, liberating the complement that had 
been completely fixed and giving a negative reaction. This 
point continues to be a subject for study in our laboratory. 
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The absorption of natural antisheep amboceptor has been 
recommended by some writers (10) (11) (12) (13), but we have 
not found it to be an adequate remedy. 

Table 2 shows the incidence of natural antisheep amboceptor 
in 2374 bleedings. 


TABLE 2 


Showing the incidence of natural antisheep amboceptor in patients’ serums 


PERCENTAGE HAVING ONE UNIT, OR MORE, 
OF NATURAL ANTISHEEP AMBOCEPTOR 


PERCENTAGE | pERCENTAGE 


1.3 HAVING LESS 
Seg Eke OB ee ee TRAN ONELUNIT Be en 
BLEEDINGS Te . OF NATURAL 3 = 
These are subdivided into: ANTISH EEP- ANTISH EEP- 


ane AMBOCEPTOR 
Per cent positive | Per cent positive 
reactions reduced reactions not Per gent dou tful 
to negative changed 


COMPLEMENT 


The source of greatest difficulty in the performance of the com- 
plement fixation test les in the variation of the guinea-pig 
complement. As we have shown in our preliminary report (1), 
the guinea-pig serums vary in fixability as well as in hemolytic 
activity, and before being pooled for tests all guinea-pig serums 
must be tested for natural antisheep amboceptor, hemolytic 
activity, anticomplementary reaction with the gonococcus 
antigen, anticomplementary reaction with the control gonococcus 
serum, and for fixability with the gonococcus antigen-serum-com- 
plex. The details of these preliminary tests and their interpre 
tation have been published (4). 

During the year 1920, out of 481 guinea-pigs tested, only 57 
per cent could be used for gonococcus complement fixation. 


Hemolytic system 


After selecting the complement by the preliminary tests. the 
pooled complement is titrated with sensitized cells in order to 
determine the exact dose of pooled complement to be used for 
tests. 
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The sensitized cell dose contains two hemolytic units of anti- 
sheep amboceptor and 0.1 cc. of 5 per cent suspension of sheep 
cells. 

The complement unit is read at the end of thirty minutes 
in the water-bath at 37°C. We use two hemolytic units of com- 
plement for diagnostic tests. 


The diagnostic test 


We use one-tenth the original Wassermann (14) volumes of all 
reagents. 

The diagnostic tests are made in duplicate, with controls for the 
hemolytic system, for anticomplementary reaction of the patient’s 
serum, for natural antisheep amboceptor in the patient’s serum, 
and for fixation unit and anticomplementary reaction of the 
gonococcus antigen. 

The diagnostic test and all controls are fixed in the water-bath 
for one hour at 37°C. 

Reading. The following controls must be completely hemo- 
lyzed before the diagnostic tests are read: system control, control 
for anticomplementary reaction in patient’s serum, the antigen 
anticomplementary control (0.4 cc. of the antigen dilution must 
be completely hemolyzed, that is, four times the dose used in the 
test). 

The average complement used throughout this study has given 
complete hemolysis in all controls in twelve minutes. 

Diagnosis. If the patient’s serum contains no natural anti- 
sheep amboceptor and if it is not anticomplementary, the diagnosis 
is made in accordance with the reactions in the tubes containing 
antigen plus serum. The Citron (14) method for readings is 
used, with the exception of our ‘‘strong-one-plus,” “‘one-plus” 
and ‘‘plus-minus” reactions, which Citron does not mention in 
his description of reactions. 

Our ‘‘strong-one-plus”’ has very strong fixation in both the 0.02 
and 0.01 tubes of the test; our ‘“‘one-plus”’ has strong fixation in 
the 0.02 and weak fixation in the 0.01; our “‘plus-minus”’ has 
partial fixation in both the 0.02 and 0.01 tubes. 
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Anticomplementary serums. If the control for anticomple- 
mentary reaction in the patient’s serum is not completely hemo- 
lyzed at the time required for hemolysis of the other hemolytic 
controls, the test is replaced in the water-bath until the end of 
one hour. If at that time the serum still shows any degree of 
anticomplementary reaction, no diagnosis is made of that 
bleeding, and it is reported as ‘“‘anticomplementary.”’ 

Natural antisheep-amboceptor. If the diagnostic test is nega- 
tive and the Kaliski-Bauer control shows a typical four-plus 
reaction, we report the test as: ‘‘Four plus by Kaliski-Bauer 
control.” If the diagnostic test is negative and the Kaliski- 
Bauer control shows less than a four-plus reaction, we report the 
test as: ‘‘Negative. Serum contains an excess of natural 
antisheep amboceptor.” In such cases we request another 
bleeding. If the serum controls in the Kaliski-Bauer control 
have partial hemolysis, we report the test according to the diag- 
nostic test, regardless of the small amount of natural antisheep 
amboceptor. In table 2 we have shown that the presence of nat- 
ural antisheep amboceptor reduced a positive reaction to negative 
in only 0.3 per cent of 2374 bleedings. Although this seems an 
insignificant number, we continue to use the control for the sake 
of the individual, and to give us an explanation of variation in 
the complement fixation curves of patients bled week after week. 

Interpretation of diagnosis. All tests showing complete fixation 
in the 0.01 tube are interpreted as “‘very strongly positive.” 
This is the Citron “four-plus” reaction, and is his interpretation. 

All tests showing strong fixation in the 0.01 tube are inter- 
preted as strongly positive. This includes Citron’s “‘three-plus”’ 
and our ‘‘strong one-plus” reactions, and is Citron’s interpre- 
tation of his “three-plus.’”’ In our ‘‘strong one-plus” reaction 
the 0.02 and 0.01 tubes are both very strongly fixed. Citron 
does not mention this reaction, but it is not infrequently encoun- 
tered in the tests in this laboratory and must be considered in an 
accurate interpretation of diagnoses. It is stronger than Citron’s 
“‘two-plus” and a shade less (in the 0.02 tube only) than Citron’s 
“‘three-plus. ’”2 


2 Unpublished report of the Research Laboratory Committee on Standardiza- 
tion of the Wassermann Test. 
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All tests showing strong fixation in the 0.02 tube and weaker 
fixation in the 0.01 tube are interpreted as moderately positive. 
This is our ‘‘one-plus”’ reaction. It is stronger in the 0.01 tube 
than Citron’s ‘‘two-plus,” and a shade less in the 0.02 tube than 
his ‘‘two-plus.” In our interpretation of moderately positive 
reactions, we include the Citron ‘‘two-plus.” The latter is 
infrequently encountered in our tests, while our “one-plus is of 
frequent occurrence. Citron does not describe our ‘‘one-plus.” 

All tests in which the 0.02 and the 0.01 tubes show partial 
fixation, (from 25 to 50 per cent hemolysis), are interpreted as 
weakly positive. This is our ‘‘plus-minus” reaction. It is 
stronger in the 0.01 tube than Citron’s “‘two-plus” and has the 
same degree of fixation in the 0.02 tube as his ‘“‘one-plus.” This 
reaction is not described by Citron, but is of frequent occurrence 
in our tests. 

In our weakly-positive interpretation we include Citron’s 
‘“‘one-plus. ”’ 

All tests showing 75 per cent or more hemolysis in the 0.02 tube 
are interpreted as ‘“‘doubtful.” 

Our interpretation is the result of the study of a large number 
of tests in relation to the clinical classification. 

In eases clinically diagnosed as negative for gonococcus we have 
obtained no fixation, not even a doubtful reaction, and for that 
reason we feel justified in placing in the positive column the 
reaction described above. 


SPECIFICITY OF THE GONOCOCCUS COMPLEMENT FIXATION TEST 


In this study we have examined repeated bleedings from 870 
gonorrheal cases controlled by bleedings from 350 non-gonorrheal 
individuals. In testing the specificity of the gonococcus antibody 
92 of the gonorrheal bleedings were tested with tuberculosis anti- 
gen and gave negative reactions, and 54 of the gonorrheal bleed- 
ings were tested with Streptococcus viridans antigen and gave 
negative reactions. We have not included the Wassermann 
antigen in our controls of specificity of antibody for the reason 
that a considerable number of the patients in this service have a 
clinical diagnosis of syphilis, or doubtful for syphilis, as well as 
of gonorrhea. . 
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TABLE 3 


Gonococcus complement fixation in various stages of gonorrhoea in women 


GONOCOCCUS COMPLEMENT FIXATION 


CLINICAL DIAGNOSIS ae 
- canal Positive) ee | Doubt | ewantage 
EULGEGNOSTNEH fia coon cicisisrotya sitio e's «10 19 9 6 4 47 
Subacute gonorrhea....... st hotafa Che 6 86 Ook rel. 54 36 22 48 
@hronic gonorrhea: ...0. 5... <o.86< 00.00 383 | 283 56 | 44 73.6 
Syphilis and gonorrhea.................. 162 132 14 16 81.4 
Syphilis, doubtful for gonorrhea.........} 113 24 88 1 21 
Weubtiul gonorrhea, oss. 560 365i ee. 81 49 21 11 60 
Controls 

Adults having no symptoms or history 

MEPCONOIYHCAS ccs ces. sets petictesieyel sie 50 0 50 0 0 
Children: Scarlet fever patients having 

_ no symptoms or history of gonorrhea. 36 0 36 0 0 

Spinal fluids from poliomyelitis cases. ... 12 0 12 0 0 
Adults: Tubercular patients having no 

gonorrheal symptoms............. oe eae 0 | 248 0 0 
Normal bleedings from workers in this 

WAHOLALOTY 25.2.0 ce yas sie vic nie oe hae ons cted 4 0 4 0 0 

Total cases....... Ab rte Pedenic ce maeiasAcie 1220 

* Not early acute. 

TABLE 4 


Comparison of diagnoses by smear, culture and complement fixation 


GONOCOCCUS COMPLEMENT FIXATION 


Smear Smear Smear Smear 

positive, doubtful, doubtful, negative, 

culture culture culture culture 

CLINICAL DIAGNOSI8 pleas positive positive negative negative 

o!|1s o!|s o/s o/3 

Biles (ee ue lea ueeulen is Le eae 

S/al/f#i isl alls] Ssi alls] si as2 

21 S| S| eB) Ss) eIRl sl el ais 

Elzlalelzlale&lzlalal2ala 

1 \ 0 ae rhe eats) 11 Sal ie? ea | A D2 1 

RHOACHUCL a. 2. core ose cos ee AS One lalesm eon ie 9/413 4/2 

Ghroniesri: sacks: LB DOaOe 85 Ore ete 2 S92 |. Sal Lawler 
Chronic and syphilis ...... 35 3 1 162 jxav idee 
LOGE oh 370 a a 7 74 \|.3° ik |} a 


| | | | = | | ——— |§ | | | 


Motal/ Cases... dsc.os..seies cc 181 
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In testing the specificity of the gonococcus antigen, bleedings 
from 350 patients clinically diagnosed as non-gonorrheal gave no 
trace of gonococcus complement fixation reaction. 

Table 3 shows the incidence of gonococcus complement fixation 
at various stages of the disease and also the specificity tests upon 
non-gonorrheal serums. 

Table 4 shows the comparison of smear, culture and comple- 
ment fixation in 181 cases. These three laboratory tests are 
more fully discussed in a paper by Torrey and Wilson (15). 

In table 5 is given asummary of the diagnoses reported in table 
4, showing how the precentage of positive diagnoses by smear and 
culture decrease with the stage of the disease and how the per- 
centage of positive complement fixation increases. 


TABLE 5 


Summary of diagnoses 


PERCENTAGE OF POSITIVE DIAGNOSES 

CLINICAL DIAGNOSIS salgag ices Comple- 
Smear Culture ment 

fixation 
AVEDLE PONGIV RCA ® ... «oi 'Sscahes ae ~'-GRMEN fe 11 55 55 45 
SUPACULE CONOLTNEAR: ose Hosier cs oe ee 45 32 44 58 
Chronic vonorrhiea:\... "as. eee eee 85 13 15 76 
Gonorrhessand sy philisseass seein oe 35 11 11 76 
Donubtiualisonorrhess: 4 .<,.42 6 ee eae - 7 None None 42 

PoualbCASeS «cess sn ne ser SOA et ie Cee 181 
* Not early acute. 
SUMMARY 


Investigation of various media for the preparation of 
gonococcus antigen showed that any of the starch-free and 
hemoglobin-free media that would give a profuse growth of the 
gonococcus within forty-eight hours at 37°C. would give antigens 
of equal value. 

Recently isolated gonococci were of lower antigenicity than 
the Torrey strains isolated many years ago. 

Autogenous antigens gave no stronger reactions with their 
homologous serums than did the Torrey strain antigen. 
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In this study we have encountered very few anticomplementary 
‘patients’ serums that could not be controlled by heating. 

The incidence of natural antisheep amboceptor that gave a 
negative reaction in a positive serum was only 0.3 per cent of 
2374 bleedings. We found the Kaliski-Bauer test to be inade- 
quate as a diagnostic measure, but of value asa control. Absorp- 
tion of natural antisheep amboceptor did not give us uniform 
reactions. 

As previously reported, we found the difference in fixative and 
hemolytic value of guinea-pig complements to be the greatest 
factor of variation in the gonococcus complement fixation test. 

In order to give a true interpretation of our diagnostic tests in 
relation to the clinical classification, we have had to include three 
reactions frequently encountered in our tests that were not 
mentioned by Citron. Otherwise, our interpretations agree with 
Citron’s. 

Specificity tests with heterologous antigens gave no fixation 
with gonorrheal serums, as shown in table 3. 

Non-gonorrheal serums tested with gonococcus antigens gave 
no complement fixation. 

Tables 4 and 5 show the relative value of smear, culture and 
complement fixation. These three laboratory methods are 
discussed in a paper by Torrey and Wilson (15). 

The clinical value of our gonococcus complement fixation tests 
is discussed in the publications of Barringer and Williams (3), 
and Barringer and von Bose (2). 


CONCLUSIONS 


1. Individual guinea-pig-serums must be tested for fixability 
with known gonococcus antibody plus gonococcus antigen before 
they can be used as complement for tests of patients’ serums. 

2. The negative results with control human serums throughout 
this series of tests indicate that the gonococcus complement 
fixation test is specific. 

3. The gonococcus complement fixation test is an aid to the 
clinician in institutional work (2). 
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Most of the current theories of canine anaphylactic and 
peptone shock lay emphasis on the mechanical factor in the 
liver (1). An increased resistance to blood flow through this 
organ is the assumed underlying cause of the characteristic 
clinical picture. The theories differ only in their hypotheses as 
to the mechanism of the assumed increase in resistance to hepatic 
blood flow. We therefore have sought to determine whether 
or not an increased resistance to blood flow can be demonstrated 
in the liver of dogs during peptone shock, and if so, whether or 
not this increase is sufficient to account for the characteristic 
splanchnic engorgement and the characteristic fall in systemic 
blood pressure. 

To do this we have studied: (1) the changes in the portal 
blood pressure during peptone shock; (2) the changes in the 
perfusion resistance of isolated livers, produced by peptone; and 
(3) the local and general circulatory disturbances secondary to a 
mechanically increased hepatic resistance. 


PORTAL BLOOD PRESSURE DURING PEPTONE SHOCK 


To follow the changes in the portal blood pressure, a cannula 
was tied in the pancreatic vein. This vein connects with the 
portal vein without valves. Parallel kymograph records were 
then made of the changes in the carotid and portal blood pres- 
sures following intravenous peptone injections. Typical records 
thus obtained are shown in figure 1. 
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The normal portal blood pressure in dogs varies from 7 mm. 
Hg to 13 mm. Hg, with an average of about 9 mm. Hg in our 
series. Following an intravenous peptone injection, there is a 
rapid, pronounced fall in carotid blood pressure, the fall begin- 
ning within fifteen seconds after commencing the peptone injec- 
tion, and reaching a level of about 40 mm. Hg by the end of 
one minute. This fall always preceeds recordable changes in 
portal blood pressure. 

About twenty seconds after beginning the peptone injection, 
a recordable rise in portal blood pressure is observed. The portal 
blood pressure usually reaches a maximum by the end of forty- 
five seconds. This maximum varies from 13 mm. Hg to 22 mm. 
Hg, depending upon the initial portal pressure, showing a rise 
of from 6 mm. Hg to 9 mm. Hg, an average rise of 7 mm. Hg in 
our series, 

The portal blood pressure remains at approximately this 
maximum for about three minutes. It then gradually falls, 
reaching normal in from eight to twelve minutes. The carotid 
pressure, meanwhile, decreases slowly to a minimum of about 
30 mm. Hg, the minimum usually being reached between the 
second and tenth minute. After reaching this minimum, the 
carotid pressure usually rises slowly, reaching normal in from 
thirty to ninety minutes, depending upon the peptone dose 
injected. Occasionally, as in tracing B, the carotid pressure 
shows little or no tendency to rise, remaining at about 30 mm. 
Hg till the death of the animal, death usually taking place in 
from thirty to forty minutes. 

There is therefore a fairly constant relationship between the 
portal and carotid blood pressures during the first ten minutes 
of the peptone reaction. The portal blood pressure during this 
period always increases, but never increases more than 9 mm. Hg 
above the initial portal pressure. The portal blood pressure 
never becomes equal to the simultaneous aortic pressure, its 
maximum usually being about 50 per cent of the aortic pressure. 
The rise in portal pressure therefore does not necessarily prove 
an increased hepatic resistance. A rise of from 6 mm. Hg to 9 
mm. Hg might conceivably be produced solely by intestinal 
vasodilation. 
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PERFUSION RESISTANCE OF ISOLATED LIVERS 


Perfusion tests were made with isolated livers and with isolated 
hepatic lobes using: (1) peptone solutions; (2) peptone-defibrin- 
ated-blood mixtures; and (3) peptone-uncoagulated-blood 
mixtures. 

1. Peptone perfusions. Quantitative perfusions of the whole 
liver with Ringer’s solution, followed by Ringer’s solution con- 
taining varying amounts of peptone; technic described in a 


* 20 mm. Hg. * 


Fic. 2. PEpTONE PERFUSION OF JSOLATED LIVER 


Composite data from two perfusions with 0.9 per cent and 1.3 per cent peptone, 
corresponding roughly to intravenous injections of 0.35 gram and 0.5 gram 
peptone per kilogram of body weight. Cross-hatched areas represent perfusion 
flow per minute with Ringer’s solution. This rate varies from 800 ce. to 1500 ce. 
depending upon the size of the animal. Black areas represent perfusion flow per 
minute (or half-minute) with Ringer’s solution containing unneutralized Witte’s 
peptone. Stars (*) show time of changing perfusion clamps. Perfusion pressure, 
20 mm. Hg throughout test. 


previous paper (1). Typical data thus obtained are shown in 
figure 2. 

Marked quantitative differences were noted in the reactions 
of the isolated liver to different peptones. With peptone 
‘“Difco,”’ for example, and with accurately neutralized Witte’s 
peptone, but slight hepatic reactions were obtained. With 
unneutralized (alkaline) Witte’s peptone, however, marked reac- 
tions were produced. In the typical reaction to unneutralized 
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Witte’s peptone, the rate of perfusion flow decreases rapidly 
during the first half minutes, reaching a minimum by the end 
of the first minute. The perfusion rate during the second 
minute varies from 25 per cent to 75 per cent of the normal 
perfusion rate, depending upon the peptone concentration tested. 
The perfusion rate increases after the second minute, usually 
reaching normal by the eighth minute. With large peptone 
doses (fig. 2) this recovery is only partial. 

2. Peptone-defibrinated-blood perfusions. Quantitative per- 
fusions of isolated hepatic lobes with defibrinated blood, followed 
by peptone-defibrinated-blood mixtures. To make these per- 
fusions the hepatic artery was ligated and an unclosed ligature 
was placed about the vena cava immediately above the right 
middle hepatic lobe. An afferent cannula was tied in the portal 
vein, and an efferent cannula in the vena cava immediately below 
the liver. On tightening the vena caval ligature, the two lower 
lobes of the liver could thus be isolated and perfused. Typical 
data thus obtained are shown in figure 3. 

In these perfusions no marked differences were noted between 
the hepatic reactions to different peptones. In all cases the 
perfusion rate was greatly reduced by the peptone-defibrinated- 
blood mixture. The perfusion rate usually reached a minimum 
of about 25 per cent of the initial rate by the end of the second 
minute, and then gradually increased. The defibrinated blood 
reactions were always more pronounced than the reactions pre- 
viously obtained with unneutralized Witte’s peptone. On 
increasing the perfusion pressure to 20 mm. Hg, the rate of 
perfusion flow was more than doubled. 

3. Peptone-uncoagulated-blood perfusions. Quantitative per- 
fusions of isolated hepatic lobes with uncoagulated blood, followed 
by peptone-uncoagulated-blood mixtures. Technique the same 
as with the defibrinated blood tests, except that in these tests 
the blood of the donor was allowed to flow continuously into the 
pressure flask. Typical data thus obtained are shown in figure 4. 

In the first test here recorded (C) the average perfusion rate 
of 43 cc. per half-minute was obtained with a preliminary per- 
fusion pressure of 10 mm. Hg. This rate was increased to 88 ce. 
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per half-minute on increasing the perfusion pressure to 20 mm. 
Hg. On now adding 1 per cent peptone to the uncoagulated 
blood the perfusion rate was reduced to 37 cc. per half-minute. 


| mm. : 
8 9 min. 


150 ce.- 
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125 10 mm. Hg. 
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Fic. 3. PEPTONE-DEFIBRINATED-BLOOD PERFUSION OF ISOLATED Hepatic LOBES 


7 


Cross-hatched areas show perfusion flow per minute with defibrinated blood. 
Black areas show rate per minute (or half-minute) with defibrinated blood plus 
1 per cent peptone. Initial perfusion pressure, 10 mm. Hg, increased to 20 mm. 
Hg at the beginning of the eighth minute. 


160 cc- 


120 


0 
2 min. 


Fic. 4. PEPTONE-UNCOAGULATED-BLOOD PERFUSIONS OF ISOLATED HEPATIC 
LoBES 


Cross-hatched areas show perfusion flow per half minute with uncoagulated 
blood. Black areas show rate per half minute (or third minute) with uncoagu- 
lated blood plus 1 per cent peptone. C: Initial perfusion pressure, 10 mm. 
Hg, increased to 20 mm. Hg before adding peptone. D: Perfusion pressure, 20 
mm. Hg throughout test. 


In the second recorded test (D) the average perfusion rate 
was decreased from 153 cc. to 32 cc. by the peptone addition. 
In all of our tests the peptone-blood mixtures were rendered 
non-coagulable by their passage through the liver. 
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4. Conclusions. Our conclusion from these tests is that the 
resistance to hepatic blood flow is markedly increased during 
the initial stages of peptone shock. The increase, however, is 
not sufficient to materially decrease the rate of hepatic blood 
flow. The increased portal blood pressure fully compensates 
for the increased hepatic resistance. 


MECHANICALLY INCREASED HEPATIC RESISTANCE 


A study was made of the local and general circulatory effects 
of carefully controlled mechanical obstruction: (1) to the portal 
vein, and (2) to hepatic outflow. 

1. Mechanically increased portal resistance. To make these 
tests, the dogs were prepared for parallel tracings of carotid and 
portal blood pressure. An unclosed ligature was then placed 
about the portal vein. By partly closing this ligature any de- 
sired degree of increased portal resistance could be obtained. 
Typical kymograph records thus obtained are shown in figure 5. 

From these records, it is seen that an increased portal resistance 
sufficient to raise the portal blood pressure 30 mm. Hg, more 
than three times the maximum rise during peptone shock, is 
practically without result on the systemic blood pressure. Even 
with complete ligation of the portal vein (£), the fall in carotid 
pressure is insignificant, when compared with the blood pressure 
fall in peptone shock. During the resulting intestinal stasis 
the portal blood pressure rapidly rises and becomes approximately 
equal to the simultaneous aortic pressure. 

2. Mechanically increased resistance to hepatic outflow. To 
prepare animals for this test the venae cavae of eighteen dogs 
were ligated immediately below the liver. Nine of these dogs 
died of shock within from twelve to twenty-four hours. One 
dog died three days later of local thrombosis. The remaining 
dogs made uneventful recoveries. 

The dogs showed marked cyanosis of the hind quarters for 
several days after the operation. Examination of the dogs 
six weeks later, at the time of the test, showed no cyanosis. 
There was marked hypertrophy of the collateral circulation, 
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particularly of the lumbar branches of the vena cava, the super- 
ficial abdominal veins, and the azygos veins. 

To make the tests, the dogs were prepared for parallel tracings 
of the carotid and portal blood pressure. An unclosed ligature 
was then placed about the vena cava, immediately above the 
liver. By gradually tightening this ligature any desired degree 
of increased resistance to hepatic outflow could be produced, 
without interfering with the return circulation from the hind 
quarters. A typical record thus obtained is shown in figure 6. 
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Fic. 6. Errects oN CaroTip BLoop PRESSURE OF MECHANICALLY INCREASED 
RESISTANCE TO HEPATIC OUTFLOW 


Partial ligation of vena cava in specially prepared dogs, sufficient to raise the 
portal blood pressure 10 mm. Hg, the maximum rise during peptone shock. Caro- 
tid blood pressure falls from 110 mm. Hg to 60 mm. Hg by the end of forty-five 
seconds, but increases to 80 mm. Hg by the end of two minutes. (Corresponding 
carotid blood pressure during peptone shock = 30 mm. Hg.) 


From this record it is seen that mechanical obstruction to 
hepatic outflow sufficient to raise the portal blood pressure 10 
mm. Hg, which is greater than the maximum rise in portal pressure 
during peptone shock, is without marked effect on the systemic 
blood pressure. The carotid pressure usually falls from 25 mm. 
to 40 mm. Hg. on tightening the ligature, but almost fully re- 
covers by the end of two minutes. It is only when the vena 
caval ligature is completely closed so as to produce combined 
hepatic-intestinal stasis, that a fall in carotid pressure is pro- 
duced at all comparable with the fall during peptone shock. 
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Not only does carefully controlled increased resistance to 
hepatic outflow fail to produce the characteristic fall in carotid 
pressure, but it also fails to produce the characteristic local 
circulatory changes. The characteristic local changes in pep- 
tone shock, are a pronounced engorgement and cyanosis of the 
liver and intestines. Even with complete hepatic-intestinal 
stasis, this marked cyanosis is not produced. The color remains 
semi-arterial even after ten minutes’ complete interruption to 
local blood flow. The marked local cyanosis, therefore, can 
not be regarded as a result of increased hepatic resistance. It 
is presumably due to increased functional activity of the local 
tissues. 


CONCLUSION 


We, therefore, concluded that increased resistance to hepatic 
blood flow cannot be regarded as a major factor in peptone 
shock. Theories of peptone shock emphasizing this factor are 
therefore no longer tenable. 


SUMMARY 


1. The portal blood pressure increases about 7 mm. Hg during 
the first forty-five seconds of peptone shock. The pressure then 
gradually falls, reaching normal in from eight to twelve minutes. 

2. Perfusions of isolated livers show an increased resistance 
to perfusion flow as a result of the action of peptone or of pep- 
tone-blood mixtures. The resistance reaches a maximum during 
the second minute, and then gradually decreases, being restored 
to approximately normal by the tenth minute. 

3. Mechanically increased resistance to hepatic outflow suffi- 
cient to raise the portal blood pressure 10 mm. Hg, the maximum 
rise during peptone shock, does not cause the hepatic-intestinal 
cyanosis characteristic of the peptone reaction, nor the character- 
istic fall in carotid blood pressure. 

4. Theories of peptone shock based solely on the hepatic 
mechanical factor are, therefore, no longer tenable. 
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In a previous paper (1) it was shown that unneutralized Witte’s 
peptone produces mechanical reactions in the isolated canine 
liver identical with the hepatic mechanical reactions in peptone 
shock. It was further shown that these hepatie reactions are 
in themselves insufficient to account for the clinical picture of 
peptone shock. We have therefore studied possible mechanical 
reactions in other tissues. The extra-hepatic parts thus far 
tested are: the isolated lungs, the isolated intestines, the iso- 
lated hind quarters, and the isolated heart. The reactions were 
studied by perfusion methods. 


MECHANICAL REACTIONS IN THE ISOLATED CANINE LIVER 


To make the hepatic test, the inferior vena cava is ligated im- 
mediately below the liver; an afferent cannula is tied in the portal 
vein; the hepatic artery is ligated; and an efferent cannula placed 
in the vena cava immediately above the diaphragm. ‘The liver is 
now perfused with Ringer’s solution, followed, without change of 
pressure, with Ringer’s solution containing varying amounts of 
peptone. Temperature, 38°C.; perfusion pressure, 20 mm. Hg. 

1. Reactions with different peptones. As pointed out in our 
previous paper, commercial peptones differ markedly in their 
reactions with the isolated liver. Equally marked differences 
are produced by varying the reaction of the perfusion fluid. 
Typical data showing these differences are recorded in figure 1. 

From these data it is seen that unneutralized (alkaline) Witte’s 
peptone A (a pre-war product) produces hepatic mechanical 
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Fic.1. Hepatic MECHANICAL REACTIONS WITH DIFFERENT PEPTONES 


Cross-hatched areas show perfusion rate per minute with Ringer’s solution. 
Black areas show rate per minute (or half-minute) with Ringer’s solution con- 
taining peptone. Star (*) shows time of changing perfusion clamps. 

A = 1.3 per cent unneutralized Witte’s peptone A. 

B = 1.3 per cent neutralized Witte’s peptone A. 

C = 1.3 per cent unneutralized Witte’s peptone B. 
= 1.3 per cent Witte’s peptone B, plus NaHCO3. 

E = 1.3 per cent peptone ‘‘Difco.’’ 

F = 1.3 per cent peptone ‘‘Difco”’ plus NaHCO. 

Reactions of perfusion fluids: A, D, and F = 0.05 per cent NaHCO;; C = 
0.035 per cent NaHCO;; FE = 0.03 per cent NaHCO;; B = 0.015 per cent 
NaHCoOs. 
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reactions sufficient to reduce the rate of perfusion flow 80 per cent 
by the end of one minute. On neutralizing this peptone, it 
completely loses its power to produce this reaction. Unneutral- 
ized (faintly alkaline) Witte’s peptone B (a post-war product) 
produces less marked hepatic reactions. The reactions with 
this peptone are greatly decreased, by increasing its alkalinity 
to that of peptone A. Peptone ‘Difco’ gives very sluggish 


100%- 
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Fig. 2. Errects oF VARYING THE PEPTONE CONCENTRATION 


10 min. 


Hepatic perfusions 


= 0.9 per cent unneutralized Witte’s peptone A 
3 per cent unneutralized Witte’s peptone A 


NOD 


= 0.5 per cent unneutralized Witte’s peptone A 
I 


reactions with the isolated liver. Its reactions are practically 
lost by increasing its alkalinity to that of peptone A. 

Unneutralized Witte’s peptone A was selected for the routine 
tests. All tests hereinafter recorded are with this peptone. 

2. Reactions with different peptone concentrations. Marked 
differences in the hepatic mechanical reactions are produced 
by varying the peptone concentration of the perfusion fluid. 
Typical data are recorded in figure 2. 
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From these data it is seen that 0.5 per cent Witte’s peptone A 
produces mechanical reactions sufficient to reduce the perfusion 
flow about 25 per cent by the end of one minute, a reaction 
from which the liver completely recovers by the end of four 
minutes. With 0.9 per cent Witte’s peptone A, there is a re- 
duction of 50 per cent in the perfusion rate by the end of one- 
half minute, with only partial recovery by the end of five minutes. 
With 1.3 per cent Witte’s peptone A there is a reduction of 80 
per cent by the end of one-half minute, with only slight recovery 
by the end of ten minutes. In all of our tests the maximum reac- 
tion was observed during the second minute. Recovery always 
began during the third minute. 


MECHANICAL REACTIONS IN THE ISOLATED CANINE LUNGS 


To make the pulmonary test, the inferior vena cava, azygos 
vein, and aorta are ligated immediately adjacent to the heart, 
an afferent cannula is tied in the superior vena cava, and an effer- 
ent cannula in the left auricular appendage. The lungs are then 
inflated to their midrespiratory volume. Perfusion pressure, 
25mm. Hg. to30mm. Hg. Typical data are recorded in figure 3. 

In all of our tests, the mechanical reactions in the isolated 
lungs were more pronounced than the hepatic mechanical reac- 
tions with the same peptone concentration. Thus, 0.25 per 
cent Witte’s peptone A, reduces the rate of pulmonary perfusion 
33 per cent by the end of one minute, increasing to a 40 per cent 
reduction by the end of five minutes. With 0.5 per cent Witte’s 
peptone A, the minimum peptone concentration producing dis- 
tinct hepatic reactions, the rate of pulmonary perfusion is re- 
duced 70 per cent by the end of one minute, with no tendency to 
recovery by the end of five minutes. With 1.3 per cent Witte’s 
peptone A, the pulmonary rate is reduced 80 per cent during 
the second minute, with almost no recovery. 

It is interesting to note, that a second pulmonary perfusion 
with 1.3 per cent Witte’s peptone A, after a five minute’s inter- 
mediary perfusion with Ringer’s solution, gives almost no sec- 
ondary reaction. A similar refractory period following an initial 
peptone perfusion was observed with the isolated liver. 
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Fic. 3. MEcHANICAL REACTIONS IN THE ISOLATED CANINE LUNGS 


J = 0.25 per cent unneutralized Witte’s peptone A 
K = 0.5 per cent unneutralized Witte’s peptone A 
L = 1.3 per cent unneutralized Witte’s peptone A 


MECHANICAL REACTIONS IN THE ISOLATED CANINE INTESTINES 


To make the intestinal test, the descending colon is ligated 
immediately above the entrance of the inferior mesenteric artery; 
the duodenum is ligated close to the pylorus; ligatures are placed 
about the splenic blood vessels; an afferent cannula is tied in the 
aorta immediately below the superior mesenteric artery, and 
an efferent cannula in the portal vein. Perfusion pressure, 80mm. 
Hg. to 100 mm. Hg. ‘Typical data are recorded in figure 4. 

In none of our intestinal tests was there a slightest suggestion 
of an increased perfusion resistance as a result of peptone action. 
There was uniformly a slight increase in perfusion flow, reaching 
a maximum during the second minute, usually with partial 
recovery by the end of five minutes. 
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Fic. 4. MEcHANICAL REACTIONS IN THE ISOLATED CANINE INTESTINES 


M = 0.5 per cent unneutralized Witte’s peptone A 
N = 1.3 per cent unneutralized Witte’s peptone A 


MECHANICAL REACTIONS IN THE ISOLATED CANINE HIND QUARTERS 


To make this test, an afferent cannula is placed in the abdominal 
aorta, and an efferent cannula in the abdominal venacava. The 
collateral circulation is controlled by well padded steel bars, 
curved to fit over the lumbar muscles, and held in place by set 
screws. Perfusion fluid, Locke’s solution containing 0.5 per cent 
filtered, defibrinated blood from the same animal. Perfusion 
pressure, 80 mm. Hg. to 110 mm. Hg. 

The canine hind quarters, isolated by this method, usually 
show a marked reduction in vascular tone, on control perfusion 
with Locke’s solution. The vascular tone, however, is never 
completely lost, since a distinct increase in perfusion flow is pro- 
duced by the addition of amyl nitrite to the perfusion fluid. 
The isolated hind quarters react vigorously to adrenalin and to 
barium chloride. In a third of our cases, the vascular tone was 
fairly well preserved by this method, at least during the initial 
stages of the perfusion. Typical tests are shown in figure 5. 

In none of our tests was there the slightest suggestion of an 
increased perfusion resistance as the result of peptone action. 
There was uniformly an increased perfusion flow, varying from 
a 10 per cent increase in the vascular atonic hind quarters, to a 


HEPATIC REACTIONS IN ANAPHYLAXIS 137 
150 per cent increase in the vascular tonic hind quarters. At 


the height of the peptone reaction the rate of flow was identical 
with the perfusion rate with amyl nitrite. 
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Fig. 5. MEcHANICAL REACTIONS IN THE ISOLATED CANINE H1ND QUARTERS 
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O = vascular atonic hind quarters; 1.3 per cent unneutralized Witte’s 
peptone A. 

P =vascular tonic hind quarters; 0.9 per cent unneutralized Witte’s 
peptone A. 


MECHANICAL REACTIONS IN THE ISOLATED CANINE HEART 


The heart was perfused with well aerated Locke’s solution 
containing 0.5 per cent filtered, defibrinated blood, by the tech- 
nique described in a previous paper (2). Perfusion pressure, 80 
mm. Hg. Typical data are shown in figure 6. 
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Fig. 6. MecHANICAL REACTIONS INTHE ISOLATED CANINE HEART 
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Q = 1.3 per cent unneutralized Witte’s peptone A 


From these data it is seen that the cardiac reactions stand 
intermediary between the hepatic reactions and the reactions 
in the hind quarters. On the addition of peptone there is an 
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initial increase in perfusion resistance, reaching its maximum by 
the end of one minute. This is succeeded by a decreased per- 
fusion resistance, reaching its maximum by the end of three 
minutes, with full recovery by the end of eight minutes. The 
cardiac reactions, however, are never sufficient to alter the per- 
fusion rate more than 25 per cent. 


CONCLUSIONS 


Assuming that the data from peptone perfusions with isolated 
organs can be carried over unchanged to the peptone reactions 
in the intact animal, we therefore conclude that the main me- 
chanical- factors operative in peptone shock in dogs are: 

1. A marked increase in resistance to blood flow through the 
liver, reaching a maximum by the end of one minute, with partial 
or complete recovery by the end of eight minutes. 

2. An even more pronounced increase in resistance to blood 
flow through the lungs, with practically no tendency to recovery 
by the end of eight minutes. — 

3. A decreased resistance to blood flow through the intestines, 
skin, and skeletal muscle, reaching a maximum by the end of one 
minute, with only partial recovery by the end of eight minutes. 

The combined effect of these mechanical factors conceivably 
accounts for the characteristic fall in arterial blood pressure 
during peptone shock. 

The histological mechanism of the altered perfusion resistance 
in these organs will be reported in a subsequent paper. 


SUMMARY 


1. Unneutralized Witte’s peptone, tested by perfusion methods 
on isolated canine tissues, gives mechanical reactions in the 
following parts: 

a. Isolated liver: Marked increase in perfusion resistance, 
reaching its maximum by the end of one minute, with partial or 
complete recovery by the end of eight minutes. 

b. Isolated lungs: Reactions similar to those in the isolated 
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liver. The reactions, however, are more pronounced, with 
practically no tendency to recovery by the end of eight minutes. 

c. Isolated intestines: Slight decrease in perfusion resistance, 
reaching its maximum by the end of one minute, with partial 
recovery by the end of eight minutes. 

d. Isolated hind quarters: Reactions similar to these in the 
isolated intestines, but with less tendency to recovery by the 
end of eight minutes. 

e. Isolated heart: Reactions intermediary between those in 
the isolated liver and the isolated hind quarters. 

2. The combined effect of these mechanical reactions is con- 
ceivably sufficient to account for the characteristic clinical pic- 
ture of peptone shock. 
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In 1900 Lustig and Galeotte (1) apparently demonstrated that 
clinical anaphylaxis could be produced in experimental animals 
using bacterial proteins. They worked with nucleo-proteins 
from B. pestis and Microspira comma prepared by the Wooldridge 
method and the use of strong KOH to dissolve the cell membranes. 
Their results were confirmed by many workers among whom were, 
Del Conte, Heller, DeBonis, Tiberti, Savagnone. The European 
work up to 1913 is well summarized by Lustig (1). In America 
Rosenau and Anderson (2) were pioneers in the field of bacterial 
anaphylaxis. 

Two sources of error have entered into much of the work 
reported, namely, methods of preparation of protein which 
racemized (3) it and the use of the intravenous method of dem- 
onstration which has caused to be included anaphylactoid (4) 
as well as true anaphylactic reactions. However, because of the 
vast amount of positive results obtained, it seems to be well 
established that suitable laboratory animals can be sensitized 
with bacterial protein and that when sensitized they give the 
characteristic clinical picture as a result of a test injection. No 
work seems to have been done making use of the smooth muscle 
reaction devised by Schultz (5) and Dale (6). This reaction has 
more recently been considered by Wells (7) as important evidence 
of sensitization. It was thought that if this method was applic- 
able to bacterial proteins it might clear up many points of 
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disputed relationships and be of fundamental value in classifying 
bacteria in addition to throwing more light upon the antigenic 
properties of nucleo-proteins. 

The work of this paper is a continuation of our preliminary 
report (8) and includes sensitization with bacterial proteins of 
B. typhosus and B. enteritidis that were not racemized and the 
testing out for sensitization by intraperitoneal test injections, 
passive sensitization and also by the smooth muscle reaction of 
Schultz and Dale. Preliminary to this, experiments were con- 
ducted to determine the effect and toxic dose of bacterial protein 
for excised intestinal loops of 20 normal rabbits and 20 guinea- 
pigs and for excised uterine horns of 10 young virgin guinea-pigs. 
In addition to this normal controls were run parallel with the 
test experiments. 

The following methods of preparation of bacterial protein were 
tried out in the course of the investigation: 


1. Vaccines of Bacillus typhosus, paratyphosus “A” and “B” and 
B. enteritidis were made by washing off the growth from agar plates or 
Kolle’s flasks with sterile physiological salt solution and the organisms 
killed by heat. 

2. Old broth cultures of the same organisms were used since they 
would contain bacterial protein in solution. 

3. Autolysed extracts of these organisms prepared by washing off the 
growths from agar plates or Kolle’s flasks with distilled water and 
permitting to autolyze at ice box temperature. 

4. Concentrated bacterial extracts were obtained by growing the 
bacteria in large pans similar to the one devised and described by Vaughan 
(9). The surface growth was washed off with a minimum amount of 
sterile physiological salt solution and aspirated into a sterile flask. 
Bacterial counts were made using a hemocytometer and dilute fuchsin 
as a diuting fluid after the growth had been washed by repeated cen- 
trifuging at high speed and the volume determined. It was then con- 
centrated to a minimum volume by centrifuging at high speed. We 
will call this original concentrated suspension “O.’”? Three different 
methods were tried in attempting to prepare a satisfactory extract. 
These methods are as follows: 

Method A. One part of the original concentrated suspension “O” 
was mixed with 9 parts of X, NaOH. The NaOH was added slowly to 
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the bacterial protein and ground in a mortar for thirty minutes. This 
was allowed to extract at room temperature for six hours and in the 
cold for varying lengths of time ranging from twelve hours to twenty- 
four hours, shaking a number of times in the interval. This was then 
neutralized to phenolphthalein with =; acetic acid and kept frozen until 
used. It was thought that using dilute sodium hydroxide and extract- 
ing in the cold would prevent racemizing the protein and that after 
neutralization the sodium acetate would function as a buffer. Ethyl 
alcohol was used to precipitate part of this and the precipitate taken up 
in a minimum amount of normal, salt solution. 

Method B. To 1 part of suspension “O” was added 8 per cent sodium 
bicarbonate in proportion of 1 part of bacterial suspension to 9 parts of 
bicarbonate. This was heated to 55°C. for one hour and centrifuged 
and the bacterial protein was precipitated from the supernatant fluid 
with ethyl alcohol in proportion of 9 parts of alcohol to 1 part super- 
natant fluid or extract. The precipitate was taken up in distilled water, 
just enough to take up the soda bicarbonate in solution. This was 
neutralized to phenolphthalein with HCl, just enough to discharge the 
color. ‘This was again centrifuged and the superantant fluid was saved 
as the bacterial extract. This was kept frozen in brine until used. 

Method C. The most satisfactory method was as follows: One 
cubic centimeter of suspension “O”’ was put in each of 10 test tubes. 
In tube 1, 9 ce. of | NaOH was added, to tube 2, 8 cc. of “NaOH and 
1 ce. of physiological salt solution; tube 3, 7 cc. of ~ NaOH and 2 ce. 
of physiological salt solution; the amount of ¥ NaOH was thus decreased 
until in tube 10, 9 ce. of physiological salt solution alone was added. 
These tubes were shaken for one hour at room temperature. In this 
way the least amount of ¥ NaOH was determined that would give a 
fairly clear opalescent solution of the bacterial protein. The proper 
amount of ¥ NaOH was then added to a measured amount of bacterial 
suspension and allowed to incubate for one hour at room temperature 
with continuous agitation. It is a well known fact that shaking is a fair 
substitute for heat in so far as extraction is concerned. The extract was 
then nearly neutralized to phenolphthalein with * HCl and finally neu- 
tralized with = HCl. This gave a solution of bacterial protein in ap- 
proximately normal salt solution representing a count of 75 billion 
bacteria per cubic centimeter. This was kept frozen in brine until 
used. 
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The technic used by us to study the smooth muscle reaction in 
both normal and sensitized animals is described in another 
communication (10). It is essentially that of Schultz and Dale 
except that Tyrode’s solution is used instead of Ringer’s or 
Locke’s. Young virgin guinea-pigs weighing approximately 240 
grams were used when excised uterine horns were to be studied. 
For intestinal loops guinea-pigs weighing from 240 to 300 grams 
were used as were also rabbits weighing from 1500 to 2000 grams. 
Several intestinal loops were obtained from each animal, two 
were set up immediately, the remainder were suspended in 
Tyrode solution and kept at 38°C. for additional experiments. 
These would remain active for several hours if they were kept in 
slight tension by a small weight attached at the lower end. In 
this way test material consisting of samples of bacterial protein 
prepared in various ways could be tried out. The results ob- 
tained in our other work upon anaphylaxis (10) abundantly 
demonstrates the satisfactory nature of the technic. 


THE EFFECT OF BACTERIAL SUSPENSION AND EXTRACTS UPON 
INTESTINAL LOOPS AND UTERINE HORNS OF 
NORMAL ANIMALS 


In this paper we are confining ourselves almost exclusively to 
a study of the antigenic value of typhoid protein although we 
have included some data for B. paratyphosus “B,”’ and B. enteri- 
tidis. The toxic effect of several strains of B. suipestifer, B. 
avisepticus, B. coli communis, B. coli aerogenes, Muicrospira- 
comma, B. subtilis, B. diphtheriae, and Staphylococcus aureus were 
studied. 

The apparent toxic effect of the bacterial protein on normal 
excised intestinal loops and uterine horns may not be, and prob- 
ably is not, due to the protein molecule since we have shown that 
purified erystalline egg albumin is not toxic (10). We have found 
that slight traces of ammonium or magnesium sulphate cause 
marked contraction and it is well known that histamine and per- 
haps many other substances will produce a smilar result. We 
found that when we attempted to purify our bacterial proteins by 
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precipitation with alcohol it became exceedingly toxic. This 
we might expect in view of Vaughan’s (9) work on bacterial split 
products. In preparing our suspensions of bacterial protein we 
made use of centrifuging at high speed and washing with sterile 
physiological salt solution to get rid of as much of the products 
of growth as possible. The concentrated protein prepared as in 
4 C was only slightly toxic when injected intraperitoneally into 
normal guinea-pigs; i.e., 10 cc. of typhoid protein were tolerated 
by each of 9 normal pigs without any marked reactions or death 
of the animal, 18 cc. produced death in 2 out of 3 normal pigs 
in twenty-four hours. We also exercised great care in removing 
the bacterial growth from the surface of the agar; we found that 
3 per cent agar also rendered this more feasible. 

With the excised loops and uterine horns a dose of more than 
1 ee. of a 1:10 dilution of bacterial protein prepared by methods 
1, 2, and 3 usually gave a toxic reaction, this did not occur with 
0.5 ec. or less. Bacterial protein prepared by method 4 C was 
the least toxic to smooth muscle considering its concentration. 
The reacting or toxic dose was approximately 1 cc. of straight 
typhoid protein. When washings from twenty-four-hour agar 
plates were used we could frequently use as much as 0.8 ce. and 
sometimes 1cc. The toxic effect of native proteins is customarily 
thought of and described as giving a tracing similar to the specific 
response and differing in that it lacks specificity and can be re- 
peated on the same loop or uterine horn, i.e., desensitization does 
not result. This type of response is well illustrated in figures 1, 
2, and 3 which show the effect upon intestinal loops of normal 
guinea-pigs and rabbits, respectively. 


EFFECT OF BACTERJAL PROTEIN UPON INTESTINAL LOOPS AND 
UTERINE HORNS OF ACTIVELY AND PASSIVELY 
SENSITIZED ANIMALS 


We immunized 75 guinea-nigs with vaccines of Bacillus 
typhosus and Bacillus enteritides and varied the number of in- 
jections from 1 to 13. The dosage was approximately five 
hundred million organisms. The time interval between injec- 
tions was from three to five days. ‘The time intervals after the 
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Fic. 1. Intestinal loop (1), normal guinea-pig ‘‘B,’’ series ‘“‘N.”’ Enteritidis 
suspension added at ‘‘A’’ showing toxic effect of large doses. 

Fic. 2. Intestinal loop (1), normal guinea-pig ‘‘B,”’ series ‘‘N.’’ Staphylococcus 
aureus suspension added at ‘‘A’’ showing toxic effect of large doses. 

Fic. 3. Intestinal loop (1) of normal rabbit 94. Autolysed suspension of 
Bacillus enteritidis added at ‘‘A’’ showing toxic effect of large doses. 

Fic. 4. Intestinal loop from guinea-pig 85 sensitized to Bacillus typhosus 
protein. One cubic centimeter protein of Bacillus typhosus added at ‘‘A.” 

Fra. 5. Left uterine horn from virgin guinea-pig sensitized to typhoid protein. - 
One-half cubic centimeter protein added at ‘‘A.” 
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Fic. 6 A. Intestinal loop from guinea-pig 81 vaccinated against Bacillus 
enteritidis. Nontoxic dose of enteritidis suspension added at “‘A.’’ This shows 
the only apparent specific response obtained. 

Fic. 6 B. Same loop as in 6 A after change of Tyrode solution. One cubic 
centimeter of same suspension added at ‘‘B”’ with no response. 

Fic. 7 A. Intestinal loop from rabbit immunized against Bacillus enteritidis. 
Suspension added at “A’’ shows stimulation of inhibitory mechanism. 

iFic.7 A and B. Same loop as in7 A after change of Tyrode solution showing 
that suspensions of suipestifer and avisepticus had no effect when added at 
“B” and “C,”’ respectively. 
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last injection were studied and varied from eight to thirty days. 
In all but one instance bacterial proteins did not produce the 
specific smooth muscle contraction in intestinal loops or uterine 
horns. Figures 4 and 5 are typical of these results for intestinal 
loops and uterine horns from guinea-pigs immunized against 
bacterial protein used by us. Figures 6, A and B show the one 
apparent specific response given by an intestinal loop. The 
curve is not what one would call a typical one such as is obtained 
with soluble proteins. Old broth cultures and autolyzed cultures 
gave correspondingly negative results when used either for im- 
munization or as test material. When toxic doses were used the 
loops from these immunized animals seemed to have about the 
same threshold for stimulation as normals but on the whole, 
responded with greater intensity than normals. 

In addition to this, 14 rabbits were immunized with these 
vaccines until the agglutinin titer of their sera was from 1:1000 
to 1:8000. The smooth muscle reaction using intestinal loops 
was not obtained in a single instance. 

The immunization experiments with concentrated extracts of 
bacterial protein gave uniformly similar results with the in- 
testinal loops and uterine horns of 92 virgin guinea-pigs sensitized 
with concentrated proteins prepared by methods 4 A, B, and C, 
respectively. Of this number 52 were sensitized with protein 
prepared by the later method. In order to determine whether 
the animals were sensitized we resorted to passive immunization. 
The passively sensitized pigs were given a test injection after 
twenty-four hours, using a dose that was well tolerated by normal 
guinea-pigs. For typhoid protein prepared by the method 4 C, 10 
ec. represented such a dose. We found, however, that 8 cc. were. 
sufficient to produce protracted anaphylactic shock and death 
within two and one-half hours in passively or actively sensitized 
guinea-pigs when given intraperitoneally. Another method which 
we resorted to was that of actively immunizing rabbits with this 
concentrated typhoid protein until their sera gave a good pre- 
cipitin reaction with the bacterial proteins. Six guinea-pigs 
were then passively sensitized with immune rabbit serum. 
Three were tried out for clinical anaphylaxis and others were 


BACTERIAL ANAPHYLAXIS 149 


used for smooth muscle work. Again clinical anaphylaxis was 
produced with negative results for the smooth muscle reaction 
using both uterine horns and intestinal loops. We found by the 
clinical test that 1 injection of bacterial protein prepared as in 
4 C did not sensitize but that 3 or more injections gave quite 
consistent results. The initial injection was 2 cc. followed with 
injections of 5 ce. at five-day intervals. 

In the course of our work we have noted that occasionally the 
inhibitory mechanism of the intestinal loop or uterine horn is 
stimulated by certain bacterial suspensions or extracts. This 
we first noted in the intestinal loop of rabbit 1. This animal had 
been immunized against Bacillus enteritidis. When a reacting 
dose of a suspension of Bacillus enteritidis was added a drop in 
tone and loss of contractility occurred which was restored upon 
changing Tyrode solution as shown in figure 7, A. 

A similar curve was obtained when a suspension of Bacillus 
typhosus or Bacillus coli was added. On the other hand when a 
suspension of Bacillus suipestifer or Bacillus avisepticus was 
added a temporary rise in tone only resulted as shown in figure 7, 
Band C. Human blood produced the usual rise in tone but re- 
peated trials with the various suspensions gave results correspond- 
ing to the tracings just described. 

It would seem that this might be of interest clinically since 
many commercial vaccines, etc., contain products of growth and 
are used extensively both prophylactically and therapeutically 
and introduced by either subcutaneous or intravenous methods. 
Our results would suggest that variations from the normal re- 
sponse might occasionally occur. It is also conceivable that a 
stimulation of an inhibitory mechanism in sensitized guinea pigs 
might account for occasional failures to produce asphyxia when a 
test injection is given intravenously as well as the usual explana- 
tion of lack of sensitization. 

Our results then would indicate that the smooth muscle reaction 
is not necessarily an index of sensitization in so far as bacterial 
anaphylaxis is concerned. The observation that more than 1 in- 
jection is needed for sensitization and the apparent absence of 
smooth muscle sensitization confirms the statement of Wells (11) 
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that nucleo-proteins are poor antigens. It is conceivable that if 
the bacterial protein could be freed from all toxic substances 
enough might be added to the bath to get a specific reaction but 
this we doubt in view of the high concentration we were able to 
use. We are investigating the antigenic value of otherspecies of 
bacteria and also of beta nucleo-proteins similar to those reported 
upon by Wells (11). 
CONCLUSIONS 


Active or passive sensitization against bacterial protein of 
Bacillus typhosus, para-typhosus B or Bacillus enteritidis is not 
demonstrable by the smooth muscle reaction of Schultz and 
Dale. 

In a small percentage of animals, bacterial suspensions of 
Bacillus typhosus, Bacillus enteritidis, Bacillus para-typhosus ‘‘B,” 
and Bacillus coli stimulated the inhibitory mechanism of intesti- 
nal loops or uterine horns. In the rabbit this is evidenced by a 
drop in tone and loss of contractility while in the guinea-pig 
the drop in tone is the noticeable observation. Suspensions of 
other organisms and of soluble proteins either stimulated the 
accelerating mechanism or had no effect. 
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About a year ago one of the writers published a paper on the 
essential identity of antibodies. The conception expressed in 
this paper postulated that every individual antigenic substance 
aroused in the properly treated animal the formation of a single 
specific antibody. When this antibody united with its antigen, 
the latter was altered or sensitized. The several effects spoken 
of as agglutination, precipitation, sensitization to alexin, opsoni- 
zation, etc., were regarded merely as indirect methods of observing 
this union, dependent for their occurrence upon the physical 
state of the antigen, and upon environmental factors, such as 
the presence of electrolytes, viscosity, inactive protein admixtures 
(in their effects upon colloidal behavior), the presence of alexin 
or of leucocytes, etc. This point of view was suggested to us 
by some observations we made upon precipitin reactions in 
1912, and expressed, in a tentative way, in a paper published at 
that time. It apparently had occurred to Bail and Hoke as 
early as 1908, and was very definitely formulated by Dean in a 
lecture delivered by him in 1917 which, unfortunately, we had 
not seen when our paper was published. 

One of the most important objections brought forward against 
this ‘“‘unitarian’”’ conception of antibodies is the difficulty fre- 
quently encountered in attempts to demonstrate quantitative 
parallelism for the various antibody effects in one and the same 
serum. Of still greater weight in refuting this point is the fact 
that occasionally an antiserum found quite potent in some of 
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its antibody effects, may appear to be entirely lacking in another. 
To some extent we think we have answered objections of this 
kind in the paper referred to above, where, in our final summary, 
we admitted that it might be impossible at the present time to 
bring absolute proof for our conception, but that we wished simply 
to state it, believing that sufficient evidence had been adduced 
to throw the ‘‘burden of proof upon those who still cling to the 
separation, and the conception of a separate structure for agglu- 
tinins, precipitins, bacteriolysins, etc.”’ 

In the course of the last two years we have been engaged 
in studying bacterial hypersensitiveness, especially as mani- 
fested in such phenomena as the tuberculin reaction, and in 
continuing this work we were led to give considerable attention 
to an apparently non-protein residue obtained from our bacterial 
extracts, which gave specific and sharp antibody reactions with 
homologous sera. Such substances were obtained from a variety 
of bacteria (staphylococci, pneumococci, influenza bacilli, 
tubercle bacilli), were antigenic in the sense that they were 
specifically precipitable, and when sensitized showed specific . 
alexin fixation. Curiously enough, however, they have so far 
completely resisted all our attempts to induce antibody formation 
by injecting them into animals. This work is now in press and 
will appear before the present paper is published. While carry- 
ing out these experiments, however, we encountered certain 
irregularities in the behavior of one of these antigens, the pneu- 
mococcus ‘‘residue,’’ which seemed to us to have so important a 
bearing upon our conception of the identity of all antibodies, 
that they distinctly called for study in this direction. It is the 
purpose of this paper briefly to present these studies. 

The so-called ‘‘residue”’ antigens with which we are working, 
are made by the extraction of bacteria, grown upon large agar 
plates, in slightly alkaline salt solution, the subsequent removal 
of materials precipitable with acid in the cold, followed by further 
removal of proteins by boiling with acid, filtration and neutraliza- 
tion. Detailed description of the process is found in the preced- 
ing paper referred to above, and is omitted because it has no 
important bearing upon the work here recorded. This clear 
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“residue” antigen is possibly protein-free, but this point is being 
studied in considerable detail at the present time. Its chemical 
nature is naturally not easy to determine. It is a water-clear 
fluid which gives only very slight precipitate on the addition of 
ten or more volumes of absolute alcohol, is powerfully and spe- 
cifically precipitated with homologous sera, and in most cases 
gives rise to the complete fixation of two units of alexin in quanti- 
ties often as low as 0.01 to 0.001 cc., when sensitized with specific 
immune serum. Such precipitation and alexin fixation was easily 
demonstrable with all the bacterial residues except that obtained 
from the Type I pneumococcus, the only representative of the 
pneumococcus group with which we worked. This pneumococcus 
residue invariably gave powerful precipitation, but as tested 
with several varieties of antipneumococcus horse-serum and a 
bovine antipneumococcus serum supplied us by Dr. Huntoon, 
failed completely to show alexin fixation. It seemed, therefore, 
as though we might be dealing with sera in which precipitins were 
present, but which were entirely devoid of alexin fixing antibodies, 
a fact which would favor the view originally expressed by 
Neufeld and his coworkers, and almost universally adopted, 
that in alexin fixation a new antibody (Bordetscher Antik6rper) 
were involved. In consequence, during the summer we decided 
to sift this matter more thoroughly and proceeded by first pro- 
ducing a rabbit antipneumococcus serum in the usual manner. 
The two sera marked serum 445 and serum 153, were the 
two rabbit sera used in the experiments, and these sera, as 
well as the horse sera employed, were found to precipitate power- 
fully the pneumococcus ‘‘residue”’ antigen. The horse serum 
employed consisted of two lots of antipneumococcus serum kindly 
supplied to us by Miss Kirkbride of the New York State Hygienic 
Laboratory. 

Our first thought was that perhaps the pneumococcus horse 
sera might contain conglutinins of sufficient strength to so 
increase the hemolytic properties of the alexin that any moderate 
degree of fixing properties on the part of the sensitized antigen 
would be masked. In order not to prolong this paper unneces- 
sarily, we may state that while the horse serum did seem to con- 
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tain a small amount of conglutinin, this could be definitely ruled 
out as determining the nature of our reactions. 

The first experiment which follows is merely given in order to 
reassert the problem we were facing. 


Experiment I 


PNEU- | . 
MOCOC- | AMOUNT 
cts | OF FIX . TION 
RESIDUE} SERUM 
ANTIGEN| 
cc cc. 
0.5 | Antipneumococcus rabbit serum 446 | 0.05 | Alexin t4tt4 
0.1 | Antipneumococcus rabbit serum 446 | 0.05 | Alexin as aE ESESe 
0.01 | Antipneumococcus rabbit serum 446 | 0.05 | Alexin | © +444 
iS) 
0.5 | Antipneumococcus rabbit serum 153 | 0.05 | Alexin = ce ++t++ 
0.1 Antipneumococcus rabbit serum 153 | 0.05 | Alexin ee ++++ 
0.01 | Antipneumococcus rabbit serum 153 | 0.05 | Alexin | + 2 a 
oo 
0.5 | Normal rabbit serum (1) 0.05 | Alexin Bae + 
0.1 Normal rabbit serum (1) 0.05 | Alexin | 4% — 
0.01 | Normal rabbit serum (1) 0.05 | Alexin | 2 & = 
oo 
cio 
0.5 Normal rabbit serum (2) 0.05 | Alexin i = _ 
0.1 Normal rabbit serum (2) 0.05 | Alexin | & _ 
0.01 | Normal rabbit serum (2) 0.05 | Alexin | 2 @ = 
o 
= 
= 


0.5 Horse antipneumococcus serum 0.05 | Alexin — 
0.1 Horse antipneumococcus serum 0.05 | Alexin - 
0.01 | Horse antipneumococcus serum 0.05 | Alexin - 


This experiment, then, shows that although the horse anti- 
pheumococcus serum, as well as both the antipneumococcus 
rabbit sera gave powerful precipitation with the pneumococcus 
“residue” antigen, fixation was obtained only with the two rabbit 
sera; the horse sera, like the normal rabbit sera, giving rise to 
no fixation whatever; and this, in spite of the fact that the anti- 
pneumococcus horse serum precipitated more powerfully and 
more promptly than did either of the rabbit sera, and gave a 
more powerful agglutinating effect when mixed with whole 
pheumococci. 

Upon further study of this irregularity, a very peculiar fact 
became apparent. This is illustrated in Experiment II, an 


INTERFERENCE WITH ALEXIN FIXATION 155 


example of a considerable number of experiments in all of which 
the results were consistent. It appeared that if pneumococcus 
“residue” antigens were sensitized with antipneumococcus rabbit 
serum, and antipneumococcus horse serum was then added to 
the sensitized antigen, in various amounts, ranging from 0.1 to 
0.01 ce., and left in contact with this rabbit-serum sensitized 
antigen for five to ten minutes at room temperature, the fixation, 
which normally would have taken place had the horse serum been 
omitted, was prevented, the tubes going on to complete hemolysis. 
This is illustrated in tubes 2, 3, and 4 of Experiment II. If, on 
the other hand, alexin was first added to the antigen sensitized 
with the specific rabbit serum, and after 45 minutes contact 
with the alexin, horse serum was added to the complex, no such 
interference with fixation occurred. This is illustrated in tubes 
5 and 6 of Experiment I]. Tube 1 of this experiment is merely a 
control, reasserting a brief fixation when the “residue” antigen 
was sensitized with the antipneumococcus rabbit serum. 


Experiment IT 
ee et as eee Se Ares ge ERT, yA. 
PNEUMO- |ANTIPNEU- ANTIPNEU- ANTIPNEU- 
coccus MOCOCCUS MOCOCCUS ALEX- MOCOCCUS SULTS 
RESIDUE RABBIT HORSE IN HORSE HOSEA ONEES 
ANTIGEN |SERUM 446 SERUM SERUM 
cc. ce, cc. cc, 
1 0.2 | 0.05 |3 elie poly | se Lee 
SE ye n } r=1@) n|2n 
2 0.2 0.05 |2D| 0.1 |g¥ jee Eo 2\55 0 
me) 
3 0.2 | 0.05 [gs] 0.05 [29/28 |e, ene 0 
Ce Len) lan) om lee 
4 0.2 | 0.05 |p6| 0.01 [g,°| 8= es a\es 0 
5 0.2 0.05 = One Se dees OE! 2 a's Bt eps Bes 
_ S) cm |+, 
6 OF slip Osa teh les ES pliGaiee cians peOnO5ies ian (22 Fy eee ate 


++-+-+ = alexin fixation. 
0 = no fixation. 


It thus appears that there is something in the horse serum which 
prevented the fixation of alexin even when other conditions, 
such as the presence of a specific sensitizer were fulfilled. 

What this body is, we do not know, but since it prevents 
the otherwise consistent fixation of alexin by antipneumococcus- 
rabbit-serum, it is quite clear that fixing sensitizers may be 
present in the horse serum, and yet be completely masked 
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by this other body. From the order in which the materials 
must be added in order to cause such interference with fixation, 
it would appear that whatever this body which is present in 
the horse serum may be, it interferes with the union of the alexin 
to the sensitized antigen-antibody complex. That the alexin 
is not destroyed is clear from the eventual hemolysis in these 
tubes, as well as from additional experiments made in this 
direction. 

It then occurred to us that it might be possible to absorb out 
of the horse serum this interfering body and prove that the 
apparent discrepancy in the precipitating and complement fixing 
properties of the antipneumococcus horse serum were not due 
to an absence of a specific fixing antibody. We thought we 
could accomplish this by sensitizing washed pneumococci, taking 
up the sediment in salt solution, then adding a small amount of 
pheumococcus horse serum, allowing the mixture to stand for 
about ten minutes and again centrifugalizing. Control tubes 
were set up in which a part of the sensitized pneumococcus 
sediment was merely emulsified in salt solution, the horse serum 
being omitted. Such an experiment is represented in Experi- 
ment III. 

This experiment, after reaffirming (in tube 1) that the 
rabbit serum, together with the ‘‘residue’”’ antigen fixes and (in 
tube 2) that horse serum added to the ‘“‘residue’ antigen so 
sensitized, prevents fixation, shows that supernatant fluid “A” - 
(which represents, respectively, 0.1 and 0.05 ec. absorbed horse 
serum) no longer prevents fixation by the rabbit serum antigen 
complex. The experiment is a complete success insofar as it- 
shows that the interfering body can be absorbed out of the horse 
serum. This is shown in tubes 6 and 7. Fixation in tube 8 and 
partial fixation in tube 8a, seems to us to indicate that a certain 
amount of antibody is dissociated to the salt solution from the 
sensitized pneumococci and that this supernatant fluid may 
contain a certain amount of dissolved antigen-antibody complex 
is indicated in tube 10; but the amount is reduced, as in tube 
10a this irregularity disappears. 
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Experiment III 


Pneumococcus Type I, grown on blood agar in large pie plates. Washed off in 
salt solution and thrown down in centrifuge. Washed twice in salt solution. 
Sediment shaken up in salt solution and 9 cc. of suspension sensitized with 0.9 ee. 
of antipneumococcus rabbit serum 446. Placed in water bath for one hour until 
firmly agglutinated, then in ice chest over night. Next morning centrifuged and, 
when densely packed, supernatant fluid is pipetted away and sediment rapidly 
washed over with salt solution without emulsifying, just to remove traces of 
serum-dilution not removable with pipette. 

Sediment of sensitized pneumococci was then taken up in salt solution and 
divided into two portions “A” and “B.” To “A” is added pneumococcus horse 
serum sufficient to make 0.1 ec. to every cubie centimeter volume. To “B” is 
added a similar amount of salt solution. 


i ee I eee 


“cocous | Mococeus ANTIPNEUMOCOCCUS pl oaae: Suv 
ANTIGEN |srnus 446 5 ae oer PRE ANNNS 
Ce: ce: units 
1 0.2 | 0.05 eleuke ee 
2 0.2. | 0.05 | 3 | 0.05 cc. unabsorbed | 2 0 
sae ceo." OO tec, at Ovee, “A”? e/ 2 | 5] @|+t++ 
4 | 0.2 | 0.05 | 43 | 0.5 ce. “A” S| 2 )4 |) 3 )+++4+ 
5 | 0.2 | 0.05 | |0.1cc. unabsorbed | 8] 2 | 2] 5 0 
Sui 0:2 & | 1.0 ce. “A” Oye al SS Aa ae 
7 0.2 - | 0.05 ee. “A” Be) SoCal coal aierenete 
eel 0.2 © | 1.0 ce. “B” Sil Qi iene |) ol eee 
8a} 0.2 be | oleo. B87 a) 2 | 2} }+tott+ 
9 q | 1.0 cc. “A” 2 |. 23 & oy) toes 
9a 3 Orarec. An? Zeca % | t+4++ 
10 z | Lee. “BY a] 2/8) 8 /)/4++4++ 
10a = R0e5 ce <8)? Ei fee 0 
11 0.4 = 2 0 
12 2 0 


Although we could absorb out the interfering body from the 
horse serum, however, we could not conclude from this experi- 
ment that the residue of the horse serum represented in superna- 
tant fluid “A” now contained active alexin fixing sensitizer. 
Although such supernatant fluid (in tubes 6 and 7) gave definite 
fixation, nevertheless, when tested in similar amounts, but with- 
out antigen (in tubes 9 and 9a) fixation still occurred. In trying 
to overcome this difficulty, it was noticed that when the horse 
serum was added to the sensitized pneumococci, shaken up with 
them in salt solution and allowed to stand, no amount of subse- 
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quent centrifugation would completely remove a certain amount 
of turbidity. This seemed to mean that when the sensitized 
pneumococci were emulsified in salt solution, a certain amount 
of antigen became dissolved, that this reacted with the horse 
serum in a precipitate so fine that centrifugation could not re- 
move it. This would naturally explain the variation appearing 
in tubes such as those indicated as ‘‘9’” and ‘‘9a” in which 
this distinctly turbid supernatant fluid was mixed with alexin 
and subsequently tested for fixation. In order to overcome this 
we determined to filter the supernatant fluids ‘‘A”’ which rep- 
resented the supernatant fluid left after horse serum had been 
absorbed with sensitized pneumococci in a salt solution suspen- 
sion. The following Experiment IV, therefore, represents a 
repetition of Experiment III with the sole difference that both 
~ the unabsorbed horse serum and the supernatant fluid from 
mixtures of horse serum with sensitized pneumococci (namely, 
absorbed horse serum ‘‘A”’) were filtered through Berkefeld 
filters and reduced in quantities to such a degree that small 
remaining amounts of fixing complexes might be diluted to 
extinction. 


Experiment IV 

PNEUMO- 

coccus ALEXIN 152 30° 

RESIDUE 

cc. | units 

1 2 0 0 
2 0.2 0.05 ec. rabbit serum 446 2 | ++++ )/4+4+4++ 
3 0.2 0.5 ce. (1:10 horse serum) 2 0 0 
4 0.2 0.5 ec. (1:10 horse serum) filtered 2 0 0 
5 | 0.2 | 0.5 cc. A fogs PSESPe aby (SES esas: 
6 0.2 0.25 cc. A Ped ptt Cs |e eS 
7 0.2 0.5 cc. A filtered 2 | +444 | +4+4++4+ 
8 0.2 0.25 ce. A filtered 2 | +444 )4+4++4++ 
: 0.5 cc. A 2 || tet ioe 
10 0.25 ce. A 2) ae ee 
11 0.5 ec. A filtered pe | tes ede | Sebo 
12 0.25 ec. A filtered 2 0 0 


To analyze this experiment, then, tubes 3 and 4 show that 
pneumococcus horse serum, both filtered and unfiltered, in 
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quantities of 0.5 ec. of 1 to 10 dilutions give no fixation of alexin 
with the “‘residue” antigen. Tubes 5, 6, 7 and 8, show fixation 
when the pneumococcus residue is sensitized with horse serum 
absorbed by sensitized pneumococci and placed in contact with 
the residue antigen both in the filtered and unfiltered condition. 
Tube 12 indicates that when quantities as low as 0.25 ce. of the 
filtered supernatant fluid ‘“‘A”’ are used, fixation occurs in the 
presence of residue antigen, but no fixation when this superna- 
tant fluid is used alone. 

This result has been repeated with similar effect, and Experi- 
ment IV can be interpreted as indicating that alexin fixing sensi- 
tizer may be found active in horse serum from which the inter- 
fering body has been absorbed with sensitized pneumococci. 
On the other hand, we do not regard this experiment as conclu- 
sive, and it is still possible that the interfering substance, whatever 
it may be, is in actual combination with the sensitizer and that 
when it is absorbed out most of the sensitizer goes with it. In- 
deed, what we have designated as an interfering body may be 
nothing more than a peculiar state of the sensitizer which in some 
way changes the sensitized antigen so that alexin will not be 
fixed. On this basis, however, it would be difficult to explain 
why the horse serum should prevent the fixation of alexin by 
pneumococcus antigen sensitized with antipneumococcus rabbit 
serum. A final decision on these problems must be left to further 
work which is being continued on a more comprehensive scale 
in the laboratory. 


_ SUMMARY 


The essential points presented in this paper are:. 

1. Certain antipneumococcus horse sera, though showing 
powerful precipitation reactions with pneumococcus antigen, 
do not sensitize similar antigens to alexin fixation. 

2. Such sera not only fail to fix alexin in the presence of antigen 
as described above, but, in addition to this, they will prevent 
alexin fixation when added, in small amounts, to tubes of pneu- 
mococcus antigen sensitized with antipneumococcus rabbit 
serum. They, thus, prevent the fixation of alexin by a sensi- 
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tized antigen which would ordinarily have given a positive 
fixation. In order to obtain this interfering action, it is necessary 
to add the horse serum to the sensitized antigen before the alexin 
is added. If the alexin is added first and given thirty minutes 
at 37.5°C., subsequent addition of the horse serum does not 
interfere with the fixation. 

3. This interfering effect of the horse serum can be removed 
by absorbing with sensitized pneumococci. 

4. While such absorption completely removes the interfering 
effect from the horse serum, our experiments attempting to show 
that a fixing sensitizer is then left unhampered in the horse 
serum have not been conclusive up to the present time, but 
experiments like Experiment IV of the reported series suggest 
such a condition. This is being subjected to further study. 

We cannot positively determine, as yet, whether interference 
with the attachment of alexin is due to a hitherto undescribed 
substance in horse serum, separate from the sensitizer, or whether 
the phenomenon depends upon adventitious conditions, such 
as the association of the sensitizer with serum constituents which 
alter its colloidal state or in some other way indirectly modify 
the physical conditions usually existing in such immune sera. 

However this may be, our results appear to indicate definitely 
that the failure of a specific immune serum to sensitize antigen 
for alexin fixation, while powerful in its agglutinating and pre- 
cipitating effects, does not prove the absence of a “fixing” anti- 
body. This confirms our view that the failure of any individual 
antibody effect in an immune serum may be due to secondary 
and environmental causes rather than to absence of a given 
“antibody.” 

Incidentally, the experiments show that the titration of the 
antibody potency of horse serum for therapeutic use is not a 
reliable method, since such sera, extremely powerful in their 
agglutinating and precipitating effects and containing a high 
concentration of antibodies, may be entirely incapable of giving 
rise to alexin fixation reactions for the reasons demonstrated. 

Whether or not the property observed by us is universal for 
horse sera or is at all common for immune sera in general has 
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not been determined as yet. It may well be that the body 
we have described is a constituent of exceptional specimens 
only. Because of its possible practical importance, however, 
this matter will be extensively investigated both in connection 
with pneumococcus and other sera. 

In closing, we would again call attention to the fact that the 
residue antigens produced as described, both with pneumococci 
and a great many other bacteria, constitute the most easily man- 
aged and convenient antigens for specific precipitations and com- 
plement fixations. With the pneumococcus, it is merely necessary 
to grow on agar surfaces properly enriched, wash off with salt solu- 
tion, shake for an hour in slightly alkalin salt solution, filter, boil 
with acid, clear by filtration and neutralize. The resultant water- 
clear fluid precipitates powerfully and possesses none of the dis- 
turbing features for complement fixations possessed by bacterial 
suspensions or extracts. 
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I 


BY ARTHUR F. COCA 


Robert Doerr was the first to recognize the need of a classi- 
fication of the phenomena of hypersensitiveness. In attempting 
such a classification Doerr (7), unfortunately chose as the main 
heading the term Allergie (allergy) which had been introduced 
by von Pirquet. This choice was particularly unhappy because 
Doerr felt obliged in using it to observe with some strictness 
the etymological significance of the term (altered reactivity). 
The result of this observance was the inclusion in Doerr’s cate- 
gory of allergies of phenomena of such different nature as to 
make their association valueless if not positively confusing. 
There seems, for example, to be no advantage in associating in 
one category two so widely different phenomena as the well 
known morphine tolerance and morphine idiosyncrasy. 

Doerr’s subdivision of “allergic”? phenomena into those ex- 
hibited to non-antigenic substances and those exhibited to anti- 
genic substances is also inadvisable because such subdivision 
necessitates a confusing separation of identical conditions of 
hypersensitiveness in human beings, merely in accordance with 
the presence or absence of antigenic property in the exciting 
agent. Actually it seems that neither of Doerr’s published 


‘Read at the annual meeting of the American Association of Immunologists, 
Washington, D. C., May 1, 1922. 


163 


THE JOURNAL OF IMMUNOLOGY, VOL. VIII, NO. 3 


164 ARTHUR F. COCA AND ROBERT A. COOKE 


classification recognizes the existence of the idiosyncrasies to 
antigenic and non-antigenic proteins. 

In a summary of the literature of hypersensitiveness (3) the 
writer expressed the above outlined criticism of Doerr’s classi- 
fication and suggested as a main heading the word hypersensi- 
tiveness. This word was already in general use in the literature 
of anaphylaxis; the writer merely proposed that it be recognized 
in immunological parlance as a technical term (“terminus techni- 
cus,” Doerr (8)) to signify any form of specific peculiar reactivity 
in which the characteristic symptoms were different in the differ- 
ent animal species and were different from the normal physio- 
logical reaction to the respective agent. 

Such technical use of a common word has many precedents 
which show that no confusion need result from the practice. 
The restricted use in medical literature of the common word 
plague, for example, has resulted in no misunderstanding. 

The writer’s definition of hypersensitiveness in the immuno- 
logical sense was drawn from the cardinal facts of anaphylaxis 
and of the human conditions of hay-fever, asthma, and other 
idiosyncrasies; it excluded, therefore, the sensitiveness of tuber- 
culous individuals to tuberculin. The separation of tuberculin 
sensitiveness from the other two forms is amply warranted by 
the clearly marked differences among the three phenomena; 
however, it would be a mistake, as Doerr (8) points out, not to 
recognize tuberculin reactivity as a form of immunological 
hypersensitiveness and this the writer now acknowledges. 

As Doerr remarks, tuberculin hypersensitiveness is the best- 
studied representative of a group of conditions of hypersensi- 
tiveness to derivatives of microérganisms. The list of these 
microdrganisms is ever increasing and already includes Sporo- 
trichum, Timothy Bacillus, Trichophyton, B. mallet, B. abortus 
bovinus, B. melitensis, Spirochaeta pallida, and B. typhosus, in 
addition to B. tuberculosis. 

Since the known facts concerning this group of hypersensitive 
conditions indicate an identity in the underlying mechanism of 
all of them, an inclusive term seems to be needed to designate 
the group. The designation “cutaneous hypersensitiveness,” 
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which was employed by Fleischner and Meyer, seems quite 
inadequate because on the one hand the sensitiveness in infec- 
tions is by no means confined to the skin and on the other hand 
cutaneous sensitiveness is by no means confined to infections. 
The designation “bacterial hypersensitiveness” seems objection- 
able because infection with fungi causes the form of sensitiveness 
that we are considering and because anaphylactic sensitiveness 
can be produced with bacteria. 

It is proposed, therefore, to use for the present the unwieldy 
expression hypersensitiveness of infection, which could still 
be used even if it should be found that this form of hypersensi- 
tiveness can be produced without actual infection with the 
respective microorganisms. 

Hypersensitiveness in its immunological sense can be defined 
as a susceptibility in man and animal that is mediated by a 
special mechanism, which may be specifically influenced (toward 
increased or diminished sensitiveness) by the suitable adminis- 
tration of the exciting agent. This definition permits the in- 
clusion under one heading of all of the related forms of hypersen- 
sitiveness. In most of these the sensitiveness is diminished by 
the administration of the exciting agent (hay-fever, asthma, etc., 
dermatitis venenata, anaphylactic sensitiveness); in ordinary 
serum disease and in drug idiosyncracy the reaction is often 
increased at the second administration. The existence of the 
special mechanism is indicated either by the absence of the sensi- 
tiveness in most individuals of the same species or by its total 
absence in other species. For example, only previously treated 
animals in whose tissues precipitating antibodies are present 
exhibit the usual form of anaphylactic sensitiveness. The 
“reversed” form of anaphylactic sensitiveness presents an ex- 
ception to the rule in that it appears that one of the essential 
factors of the mechanism (the antigen), which is responsible for 
this form of sensitiveness, is present in the tissues of all individuals 
of the species. In this case, however, the existence of the mech- 
anism is betrayed by the specificity of the injected immune serum. 


2 This definition was formulated in conference with Dr. Cooke. 
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When the exciting agent possesses a normal physiological 
action the mechanism of hypersensitiveness is revealed in the 
well known qualitative difference between the symptoms of 
hypersensitiveness to the substance and those of the normal 
physiological effect. 

The existence of the mechanism in dermatitis iondata can be 
inferred from the exclusive susceptibility of human beings. In 
the hypersensitiveness of infection the existence of the mechanism 
is evidenced by the lacking sensitiveness of normal individuals 
to the active agents; for example, tuberculin. 

For reasons that are discussed in the second part of this com- 
munication, Dr. Cooke suggests the subdivision of the forms of 
hypersensitiveness into a “normal” group and an “abnormal” 
group. The group of abnormal hypersensitiveness includes 
anaphylaxis, the hypersensitiveness of infection and those idio- 
syncrasies that are controlled by the dominant gen demonstrated 
by Cooke and Vander Veer. This latter sub-group evidently 
needs a special term by which it may be conveniently desig- 
nated and this need is satisfactorily met with the word atopy, 
which was kindly suggested by Professor Edward D. Perry of 
Columbia University. The Greek word ezoria, from which the 
term was derived, was used in the sense of a strange disease. 
However, it is not, on that account, necessary to include under 
the term all strange diseases; the use of the term can be restricted 
to the hay-fever and asthma group. 

The classification here proposed is thus: 


Hypersensitiveness 
| 
Normal | (Cooke) Abnormal 
1. Dermatitis venenata 1. Anaphylaxis 
2. Serum disease (ordinary) 2. Hypersensitiveness of infection 
3. Atopy 


The three abnormal forms are distinguished by the following 
features: 
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Anaphylactic sensitiveness 


1. Is exhibited only against precipitinogenic proteins (Doerr). 

2. Is passively transferable to normal animals with the serum of 
sensitized animals. 

3. Is completely removable by the procedure of desensitization. 

4, Is not inherited. 

5. Is expressed, in the acute reaction, in symptoms and pathological 
changes which differ characteristically in the guinea-pig, the rabbit and 
the dog. 


The hypersensitiveness of infection 


1. Is exhibited against non-precipitinogenic substances; for example, 
tuberculin, which seems to be, as Doerr suggests, secretory products 
of bacterial growth. 

2. Is not passively transferable to normal animals with the serum 
of sensitive animals. 

3. Seems to be greatly lessened if not completely removable by the 
suitable injection of the active substance. 

4. Is not inherited. 

5. Is expressed, in the acute general reaction as well as in the cutane- 
ous reaction, in symptoms and pathological changes which do not differ 
characteristically in the different animal species but which do differ 
from the characteristic symptoms and pathology of acute anaphylactic 
shock in the respective animal. 

6. Is not developed after injections of the active substance, but 
regularly develops in the course of an infection with the microérganisms. 
The injection of the killed cultures results in anaphylactic sensitiza- 
tion to the injected material. 

7. Seems in tuberculosis to be passively transferable to normal 
guinea-pigs by the injection of the crushed tubercles from infected 
guinea-pigs (Bail, 1, 2). 


Atopic hypersensitiveness 


1. Is exhibited against non-precipitinogenic substances as well as 
against precipitinogenic substances. 

2. Has not been shown to be passively transferable to normal in- 
dividuals with the blood of sensitive individuals. The one observa- 
tion of Ramirez needs confirmation, being susceptible of a different 
explanation. 
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3. Can be greatly lessened but not completely removed by the suit- 
able injection of the active substance (Cooke, 5). 

4. Is inherited, subject to a dominant gen (Cooke and Vander Veer, 6). 

5. Is expressed in pathological changes the more important of which 
are different from those of the anaphylactic reaction in the guinea- 
pig, the rabbit or the dog. 


The writer’s review of the subject of hypersensitiveness was 
written from the point of view of a proposed new classification 
and the description of the symptoms and pathology of the differ- 
ent forms of hypersensitiveness was devoted almost exclusively 
to the characteristic phenomena in each instance. Thus, the 
bronchiospasm in the guinea-pig, the arteriospasm in the rabbit, 
the hepatic congestion in the dog and the symptomatic effects 
of these changes were placed in the foreground with the purpose 
of emphasizing the wide difference among them as one of the 
cardinal criteria of anaphylactic hypersensitiveness. This cri- 
terion was added to the several others on which the separation 
of tuberculin sensitiveness from anaphylaxis was based. 

Doerr objects to the prominence given to this difference on the 
ground that it is merely the necessary consequence of the special 
organization of each animal species and he points to the different 
physiological reaction of the dog, the cat, and the rabbit to mor- 
phine as an analogous situation. Doerr’s objection here 1s, 
however, beside the point, as an examination of his cited analogy 
will show. If the typical action of an unknown alkaloid does 
not differ in the three animals that Doerr mentions in the char- 
acteristic manner of morphine, then the unknown alkaloid cannot 
be morphine. Similarly, if any phenomenon of hypersensitive- 
ness fails in its typical expression to exhibit in the guinea-pig, the 
rabbit and the dog the differences which characterize the phenom- 
enon of acute anaphylactic shock in these three species, then 
the phenomenon of hypersensitiveness in question cannot be 
that of anaphylaxis. 

In continuation of his objection to this point of differentiation 
Doerr attempts to establish an identity of the characteristic 
symptoms of atopic hypersensitiveness and some of the symptoms 
of anaphylaxis. 
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Doerr likens the flow of tears, which sometimes occurs in 
anaphylactic shock to the condition of hay-fever in which also 
there is a flow of tears. However, lachrymation alone does not 
constitute hay-fever and there is no other ground for identifying 
this occasional minor symptom of anaphylaxis with the condition 
of atopic coryza. In other words, there is no evidence that the 
occasional flow of tears in anaphylactic shock is caused by a 
primary irritation of the conjunctiva. 

To Doerr gastro-intestinal symptoms are of identical signifi- 
cance whether, as in the anaphylactic shock of the dog, they are 
due to passive congestion of the portal tributaries, or to a direct 
irritation of the gastro-intestinal mucous membrane as in the 
hypersensitive human being. 

The asthmatic dyspnoea, which Doerr likens to the bronchio- 
spasmic asphyxia of anaphylaxis in the guinea-pig is more than 
probably not due to contraction of the bronchial muscles, but to 
an edematous swelling of the bronchial mucous membrane. 

Finally, Doerr thinks that the cutaneous manifestations of 
human hypersensitiveness (eruptions) may be represented among 
the anaphylactic symptoms of the guinea-pig by an itching of 
the skin which he assumes to exist on account of the fact that 
this animal often scratches its nose, ears and paws in protracted 
anaphylactic shock. However, there is no way of finding out 
whether the cause of the scratching is really situated in the 
skin or elsewhere, perhaps in the lungs. Those who use ether 
anesthesia in guinea pigs will recall the efforts to scratch the 
upper parts of the body which these animals regularly make 
after the ether has been administered for a time. One is not 
obliged to look upon these efforts as indicating an effect of the 
ether upon the skin; they may be due to an irritation of the lungs. 

The grounds for separating the three forms of abnormal 
hypersensitiveness are sufficiently plain in the outlines of their 
prominent features given above. The grounds for their asso- 
ciation must also be borne in mind; they have been set forth in 
the definition of hypersensitiveness. Dr. W. J. Elser? has sug- 


3 Personal communication. 
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gested that the special mechanism may be actually nothing 
positive, but only the absence of some normal element. This 
suggestion, however, is confronted with the difficulty, under 
such a hypothesis, of explaining the specificity that has been 
so constantly exhibited on the hyposensitization of atopic 
conditions (Cooke and Vander Veer). The hypothesis would 
need the supporting assumption that a different normal element 
is lacking in the hypersensitiveness to each exciting agent. 

Admitting, then, the greater likelihood that the mechanism 
of the different forms of hypersensitiveness is something positive, 
one is naturally influenced by the example of anaphylaxis to 
imagine that the mechanism of the other two forms is essentially 
of antibody-antigen nature. 

Doerr actually assumes the existence of anti-tuberculin anti- 
bodies in explanation of the tuberculin reaction and one is, 
indeed, tempted to follow him here; because one may well ask 
why a specific, positive mechanism that is developed during 
infection and that reacts specifically with a product of the re- 
spective microérganism may not be called an antibody. 

The remarkable differences between the conditions under which 
this “antibody” is developed and reacts and those controlling 
the development and reaction of the known antibodies demand 
explanation. 

One of the outstanding difficulties confronting the antibody- 
antigen conception of the tuberculin hypersensitiveness is the 
passive transferrence of the sensitiveness to the normal animal 
by the injection of crushed tubercle tissue. This procedure 
makes it necessary to assume that the anti-tuberculin “anti- 
bodies’ are present in the tubercle tissue. Since tuberculin 
sensitiveness does not develop without the formation of tuber- 
culous tissue (Krause-Doerr) one must further conclude that 
the hypothetical antibodies are produced only by tuberculous 
tissue. Doerr goes so far as to say that only tuberculous tissue 
reacts with tuberculin and he offers this as the explanation of 
the characteristic difference between the tuberculin reaction, 
and that of anaphylaxis. 

But Doerr seems to have overlooked here the reactivity of the 


PHENOMENA OF HYPERSENSITIVENESS Lat 


skin, conjunctiva and uterine muscle (all non-tuberculous tissues) 
in tuberculosis. The mystery of the anti-tuberculin antibodies 
is deepened by the experiments of Fellner, which confirm, in a 
way, those of Bail in the passive transferrence of tuberculin 
sensitiveness. Fellner obtained the reaction tissue resulting 
from a von Pirquet cutaneous test and inoculated it, mixed with 
tuberculin, into the skin of a normal; that is, tuberculin-nega- 
tive individual. This inoculation resulted in a distinct reaction 
which was absent or very weak in the control inoculation with 
the tissue alone. It would seem from this experiment that newly 
formed tubercle tissue even when it is far removed from the focus 
of infection; that is, from the tubercle bacilli, quickly begins to 
produce anti-tuberculin antibodies. 

The anti-tuberculin antibody is not produced in normal 
animals by the injection of tuberculin, with which it reacts. 
It is produced only in tubercle tissue, but it is diffused out of this 
parent tissue into the other tissues of the body where, also, it is 
capable of reacting with tuberculin. Notwithstanding this 
demonstrated diffusibility, the antibody has not been demon- 
strated in the blood. With one exception, the uterine muscle, 
the tissues thus, so to speak, passively autosensitized are not 
those that are involved in anaphylactic sensitization. The skin 
is not sensitive in anaphylaxis and the bronchial muscles are not 
sensitive in the tuberculous guinea pigs. 

Finally, passive sensitization in anaphylaxis has not been ac- 
complished by the transfer of any tissue of a sensitive animal 
excepting the blood. The exact reverse of this is true in tubercu- 
lin sensitiveness. 

The foregoing parallel summary of the facts concerning the 
anti-tuberculin antibody and the anaphylactic antibody reveals 
an antithesis that would seem to discourage the attempt to as- 
cribe an antibody-antigen nature to the tuberculin reaction. 
Nevertheless, this hypothesis appears to be the most promising 
at present, although further, convincing confirmation of the 
experimental basis of the hypothesis is demanded. 

For an assumption of an antibody-antigen nature of the 
mechanism of atopic hypersensitiveness there seems to be no 
reasonable evidence whatever. 
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In the writer’s previously published discussions of this question 
this conclusion was drawn from the first four features of atopic 
hypersensitiveness mentioned above. These, more briefly stated, 
are: 

1. The non-antigenic property of some atopens. 

2. The absence of proof that atopic hypersensitiveness can 
be passively transferred. 

3. The absence of desensitization in atopy. 

4, The determining influence of the atopic dominant. 

One of the results of Doerr’s definition of the word “allergie”’ 
was the inclusion under that heading of both ‘‘toxin hypersensi- 
tiveness” and antitoxic immunity. 

In the author’s review in Tice’s Practice of Medicine, it was 
pointed out that whenever the exciting agent of hypersensitive- 
ness possessed a normal physiological action that action was 
nearly always different from its effect in the hypersensitive indi- 
vidual. This difference was proposed as a criterion by which 
the existence of the mechanism of hypersensitiveness can be 
determined and in accordance with that criterion the so-called 
toxin hypersensitiveness was excluded from the category of what 
was then referred to as true hypersensitiveness; because the 
symptoms of “hypersensitiveness” to the toxin were always those 
of the normal action of the toxin. 

The later study of Park‘ has further justified the exclusion 
because Park finds that there is no hypersensitiveness to toxin; 
the phenomenon that was formerly considered toxin hypersensi- 
tiveness is merely a lessening of the primary lethal dose by means 
of fractional administration. According to Park, this phenome- 
non is observed only within the period previous to the production 
of antitoxin; that is, before the specific reaction mechanism has 
appeared. 

Doerr rests his grouping of antitoxic immunity with the 
phenomena of anaphylaxis on the ground that ‘‘the toxins are 
antigens, which are neutralized by their antibodies exactly as 
are the anaphylactogens.” But specific neutralization is not 


4 Read at the annual meeting of the American Association of Immunologists, 
Washington, D. C., May 1, 1922, unpublished. 
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the criterion by which the anaphylactic state is judged as is 
evident in the fact that such neutralization of precipitin with 
precipitinogen takes place in the blood of guinea-pigs without 
the development of anaphylactic shock; it is not the neutraliza- 
tion of the antibody in the animal body that counts, but the 
resulting irritation of the cells. Anaphylactic shock is not, as 
Doerr would define it, ‘‘an antibody-antigen reaction,’ but the 
secondary effect of such a reaction. Since neither toxin nor 
antitoxin enter into any phenomenon of hypersensitiveness it 
would be only confusing to consider their mutual relationship 
under that heading. 

The question as to the possibility of the occurrence of anaphy- 
lactic sensitization in human beings remains undetermined. 

Doerr has misunderstood the writer’s attitude upon this ques- 
tion, remarking in one place that (according to Coca) ‘‘the human 
being cannot be sensitized, cannot be made anaphylactic.” 
Actually the writer wrote in two places as follows: 


it seems necessary to conclude: first, that if anaphylaxis 
does occur in man, it does so only very rarely and secondly, that 
there is no positive evidence that anaphylaxis occurs at all in human 
beings (4). 

In conclusion it may be said that, while it is not possible to assert 
that anaphylaxis does not occur in human beings, it is a fact that the 
existence of the condition of anaphylaxis in human individuals has not 
been demonstrated. 


Ve find ourselves, thus, in agreement with Doerr when he 
writes: 


It is not, for example, impossible that the sharp distinction drawn by 
Coca between idiosyncrasy (atopy) and anaphylaxis can be upheld, 
but that both forms of hypersensitiveness appear in human beings? (8). 


In fact, the alteration of the writer’s definition of hypersensi- 
tiveness to permit the inclusion of the hypersensitiveness of in- 
fection has removed Doerr’s chief objection to the classification 
previously proposed and there is left no important disagree- 
ment with Doerr as to the essential nature of the associated 
phenomena. 


5 The italics are introduced by the writer. 
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It 
BY ROBERT A. COOKE 


A classification of any branch of science usually carries with 
it an air of finality. The present classification is not suggested 
in that way for we recognize fully the many loopholes in our 
knowledge of the subject. On the other hand a classification 
undoubtedly aids in a proper alignment and grouping of the 
facts and serves, not as an end, but as a means of advancement 
in the study of a subject. The classification itself is not so im- 
portant but the facts upon which it is based must be genuine, 
then, with further study and the correlation of new facts, a new 
grouping and classification may be needed. But it has seemed 
wise to attempt a classification of certain biological reactions, 
namely hypersensitiveness, in the light of present facts as we 
now see them. 

Dr. Coca has just given a defence of the use of the word hy- 
persensitiveness in a restricted immunological sense and it is a 
useful and satisfactory word to designate a certain group of 
biological reactions occurring in man or animal. In his article 
on Hypersensitiveness he says ‘‘If an individual reacts specifically 
or particularly with characteristic symptoms to the administra- 
tion of or to contact with a quantity of any substance, which, 
to the majority of the members of the same species of animal is 
innocuous, that individual is said to be ‘hypersensitive’ to that 
substance.”’ The term ‘hypersensitiveness’ must be relieved 
of some of the restrictions originally imposed by Coca and to- 
gether we have formulated the definition which he has already 
given and which I[ repeat. 
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Hypersensitiveness is a state of susceptibility in man and 
animal in which the reaction is mediated by a special mechanism 
that occurs naturally or is developed artificially and which may 
be specifically influenced (increased or diminished) by the suit- 
able administration of the exciting agent. In other words there 
are two criteria by which we distinguish hypersensitiveness from 
other biological reactions. First, it requires a special mechanism 
and secondly, it is susceptible to specific alteration. 

The term “special mechanism,” employed in the definition, 
unless explained, would connote a positive factor in the reaction 
such as antibodies in the mechanism of anaphylaxis. It must be 
understood however that we do not know the mechanism of the 
reaction in atopy. It is conceivable that it is due to the absence 
of some normal bodily constituent of an, at present, unknown 
nature. Certain it is that the reaction is not mediated by any 
demonstrable, positive factor, such as the anaphylaxis antibody. 
The term special mechanism then is used to denote a procedure 
which may depend upon either a positive or a negative factor. 

Since the nature of the reaction is unknown in certain forms 
of hypersensitiveness two criteria have been formulated by which 
to determine the presence of a special mechanism when the 
establishment of the mechanism is not controllable and artificially 
induced as it is in anaphylaxis and infection. First, the absence 
of the reaction in a considerable percentage of the same species 
as, for example, atopy occurring in only ten per cent of the white 
race. Second, the absence of the reaction in other mammalian 
species though present in one, as serum disease occurring in 
ninety per cent of the Caucasian race but absent in other mam- 
malia. 

With these points clearly in mind we can exclude reactions to 
chemical, thermal and mechanical irritants and also the ordinary 
pharmacological reactions of drugs, but not some of the so-called 
drug idiosyncrasies, which are genuine forms of atopy, some in- 
herited, some probably induced. 

The normal or pharmacological action of drugs depends for 
the most part upon a direct action of the drug upon certain tis- 
sues or cells and this is essentially identical for all mammalia 
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and even lower animals. In other words, in pharmacology the 
action of drugs is qualitatively similar throughout the mammalian 
group, although effects may be apparently widely different, but 
the reasons for the differences appear on critical analysis. For 
example atropin has the same action, paralyzing the vagus, 
in man and in rabbits, but the effects are widely different in 
that vagus paralysis in man commonly causes marked cardiac 
acceleration but, in the rabbit, in the absence of tonic vagus 
impulses, this does not oecur. Again, morphine in the frog 
induces strychnine-like convulsions whereas these are not apparent 
in man. But the pharmacologists know and have very good 
proof of the fact that morphine does markedly increase the reflex 
irritability of the anterior horn cells in man and convulsions are 
only prevented because death results early from the depressant 
effect of the drug on the respiratory centre. Paralysis of the 
respiratory centre does not immediately cause death in the 
frog. 

Another type of differences in drug effects is seen in the appar- 
ent tolerance of the frog to colchicin. This drug is highly toxic 
in all warm blooded animals. The tolerance of the frog entirely 
disappears when its temperature is elevated to that of the warm 
blooded animals. Colchicin is not decomposed or oxidized to 
its toxic constituents except at a temperature higher than that 
which is normal for the frog. 

Many other examples might be cited but these suffice to show 
that the normal action of drugs is not mediated by any special 
mechanism, that the action is qualitatively similar throughout 
the mammalian group. To be sure, there are certain variations 
in the effect of drugs within the same species. Enormous indi- 
vidual variations occur to most every drug such as caffein, strych- 
nin, digitalis and histamine, but these are purely quantitative. 

To certain drugs, notably morphine, alcohol and nicotine, there 
is an acquired tolerance. Let us examine the facts in regard to 
the drug tolerance to see whether or not it bears any relation to 
the specifically altered reactions of hypersensitiveness. In other 
words is drug tolerance a form of immunity, desensitization, or 
hyposensitiveness? 
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The tolerance to alcohol induced by habitual use is non-speci- 
fic. An increased tolerance to ether and chloroform is created 
at the same time and, further, the increase of this tolerance is 
very limited and very gradually developed. What about mor- 
phine tolerance! In the first place the tolerance to morphine . 
is very limited, it is never increased to more than twenty times 
the fatal dose and usually only four to five times and this only 
after long continued use. If a man is tolerant to four times the 
fatal dose, five times the fatal dose will kill with the same symp- 
toms and in the same time that the drug acts upon a normal 

aan. Again the tolerance acquired to morphine is limited to 

the cells of the cortex and respiratory centre. The other mor- 
phine effects in the body, cardiac, intestinal, etc., proceed without 
alteration. 

The pharmacologists do not conceive drug tolerance as in 
any way comparable to immunity, desensitization, or hyposensiti- 
zation. Without further discussion then it would seem that the 
word hypersensitiveness in its immunological sense and as de- 
fined is free of the danger of being confounded with any biologi- 
cal reactions occurring in the realm of pharmacology. 

Under the general heading Hypersensitiveness we at once 
recognize the three distinct types of reactions which were origi- 
nally distinguished by Coca, namely anaphylaxis, atopy, and the 
sensitiveness of infection. They are forms of hypersensitivencss 
because they depend each upon its own special mechanism for 
the production of symptoms. What this mechanism may be in 
atopy we do not know today, but, whatever it is, it develops 
naturally in man as a result of certain inherited factors. There 
is one feature that is common to these three states and that is 
a qualitative cellular alteration within the species. The anaphy- 
lactic or sensitized guinea-pig is qualitatively different from the 
normal pig. The atopic man is qualitatively unlike the normal 
man. ‘To be sure there are variations in degree of sensitiveness 
within each group. Guinea-pigs may be relatively more or less 
anaphylactic and individuals may be relatively more or less 
atopic. But these are purely quantitative variations and in- 
dependent of the underlying fundamental qualitative change. 
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For this reason we have grouped these three states under a sub- 
heading, abnormal—abnormal hypersensitiveness dependent upon 
qualitative differences within the species. But this connotes 
the necessity for a subheading of normal—normal hypersensi- 
tiveness dependent only upon quantitative variation within the 
species and such forms I believe we have in two clinical conditions 
of man; namely, serum disease and dermatitis venenata. 


SERUM DISEASE 


In the first place we must not confound serum disease with 
the immediate reaction occurring in human atopy. They differ, 
first, in their pathogenesis, the one inherited and the other not; 
secondly, in their incubation period, the one instantaneous, the 
other after an interval of about five to fifteen days; thirdly, in 
their symptomatology, dyspnea from bronchial edema being 
the outstanding feature in atopy and urticaria the principal 
symptom in serum disease. 

Nor must serum disease be confounded with the possible serum 
anaphylaxis occurring in man. I say possible, because in the 
nature of things it is not feasible to experiment on man, but a 
sufficient number of clinical cases is reported to make it seem 
probable that anaphylaxis does occur in man. But these clinical 
experiences are not yet supported by any absolute proof. By 
serum disease is meant those manifestations of urticaria, pruri- 
tus, joint pains, and febrile movement, occurring after an incuba- 
tion period of usually five to fifteen days. 

From 1905 when von Pirquet and Schick announced their 
theory, the antigen-antibody nature of the reaction known as 
serum disease was accepted until 1920 when Coca’s critical 
analysis of the facts threw grave doubts upon the correctness 
of this assumption. Hamburger and Moro, von Pirquet and 
Schick, C, W. Wells, Francioni, Longcope and Rackemann and 
Longcope and Mackenzie, have all studied serum disease from 
the point of view of von Pirquet’s theory and the results of their 
studies fail to show any constant relationship between the symp- 
toms of the disease and the specific precipitins in the blood and 
between the symptoms of the disease and the presence or absence 
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of antigen in the blood. If for no other reason, this lack of 
relationship alone is sufficient to overthrow von Pirquet’s theory. 
If this contention is valid, as it appears, then serum disease is 
not anaphylaxis. é, 

Heredity plays no part in serum disease. A few years ago, 
when serum was given as diphtheria antitoxin in relatively small 
amounts. the general incidence of serum disease was given as 
ten per cent. In 1916 the writer, with Vander Veer, had con- 
cluded from a statistical study that the general incidence of 
what we now call atopy was about ten per cent. The close 
approximation of the incidence percentage for serum disease 
and the natural human form of hypersensitiveness was the de- 
termining factor by which Coca then grouped these conditions 
as similar, under the heading of allergy. 

With the introduction of an antipneumococcus serum, used 
in large amounts intravenously, the general incidence of serum 
disease has risen to ninety percent, according to the observations 
of Cole, Longeope and Mackenzie, as well as the statistics col- 
lected by Coca from the Boston City Hospital. 

Another point recently brought forward by Coca is that the 
percentage incidence for serum disease is practically the same, 
ten to thirteen per cent after subcutaneous injection, in all age 
groups, thus differing entirely from the percentage incidence of 
the inherited forms as shown by the figures obtained in 1916 by 
the writer with Vander Veer and later supported by Adkinson 
and again today by Spain. Nor, as mentioned above, is there 
any identity in the incubation period or the clinical symptoms. 
As a matter of fact the two reactions serum disease and serum 
atopy have nothing in common other than & common inciting 
agent. The immediate reaction of atopy and the delayed reac- 
tion of serum disease may and may not appear in the same in- 
dividual as a result of the same dose of serum. Clinically we 
see violent immediate reactions with, later, marked serum dis- 
ease, mild serum serum disease or no serum disease at all and, 
on the contrary, we see marked Serum disease with no immediate 
reaction or a mild immediate reaction may have occurred. That 
they do co-exist is due solely to the fact that serum disease occurs 
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in 90 per cent of all humans. This quantitative symptomatic 
independence of the two reactions in individuals susceptible to 
both certainly connotes an independent mechanism for each 
reaction. It would then seem logical to conclude that serum 
disease is not a manifestation of atopic hypersensitiveness. 

The question may then well be asked, is serum disease a form 
of hypersensitiveness; that is, is it dependent upon a special 
mechanism and is the reaction specifically influenced as the re- 
sult of the administration of the exciting agent? 

Serum disease as seen in man cannot be reproduced in animals® 
and further, as recently shown by Coca in his study of serum 
disease in the American Indian, this race is much less susceptible 
to the disease, only 46 per cent, than is the white man in which 
over 90 per cent are susceptible. 

With regard to the second point—alteration of the reaction 
by administration of the exciting agent—the observations of 
von Pirquet and Schick supported by Goodall and by Currie, 
have established the fact that there is a definite short- 
ening of the incubation period following reinjection and, though 
not the rule, von Pirquet and Schick and Goodall have reported 
cases with an entire absence of symptoms of serum disease on 
reinjection when the first injection had given typical manifesta- 
tions. But it must be borne in mind that these alterations of 
reaction do not conform to the principles of desensitization or 
anti-anaphylaxis nor to the phenomenon of hyposensitization 
of atopy. 


DERMATITIS VENENATA 


For some years we have undertaken, more or less casually, a 
study of the irritants in poison ivy and sumac. These are readily 
extracted in 95 per cent alcohol and in chloroform, as shown by 
the fact that a small amount of the extract applied to the intact 
skin produces the typical vesicular lesion. Dr. Spain recently 
undertook a more intensive study, and in a recently published 
work from our clinic, he has shown that the eruption occurs only 


6 This is true with the single exception reported by Zinsser of what appeared 
to be serum disease in one monkey. 


PHENOMENA OF HYPERSENSITIVENESS 181 


after an incubation period of from two to fourteen days, in one 
case twenty-four days. He further showed that the typical 
vescular lesion could be produced by test in 64 per cent of 104 
cases, including children and adults. More recent and _ still 
unpublished work indicates that this percentage may be consid- 
erably increased for in no case tested with the stronger sumac 
extract has the reaction failed, except that no reaction has yet 
been obtained with the strongest extracts in infants before the 
age of three. 

Other facts elicited are that this extract is non-toxic for animals 
when injected intravensouly and the skin of animals, dogs, rab- 
bits and guinea pigs, is not in any way affected by the applica- 
tion of the extract to the skin. In other words the active principle 
is not a simple escharotic. 

It is not necessary to argue that this reaction is not an anaphy- 
lactic reaction for it is non-antigenic. The reaction in man is 
not a form of atopy on account of the high general incidence and 
the fact that incidence by age groups does not show the in- 
fluence of bilateral, unilateral and negative inheritance. That 
it is a form of hypersensitiveness however is evidenced by the 
fact that the reaction is mediated by a special mechanism that 
is absent in animals and is not developed in the human until the 
age of three. That the reaction can be specifically influenced 
by administration of the extract is evidenced in some still un- 
published work but will not be further discussed here. 

These two reactions observed in man, serum disease and der- 
matitis venenata, for the reasons given above would seem prop- 
erly to be included as forms of hypersensitiveness and because of 
their incidence in such a large percentage of the white race are 
satisfactorily grouped under the subdivision of “normal” forms, 
showing only quantitative variation within the species. 


CONCLUSIONS 


The term hypersensitiveness has been defined. 
Biological or cellular activities in response to mechanical and 
thermal and chemical irritants, as well as the ordinary pharma- 
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cological reactions of drugs, are excluded as requiring no special 
mechanism and not subject to specific alteration by the use of 
the specific agent. 

Hypersensitiveness is subdivided into: 

1. Normal forms dependent only upon quantitative variations 
within the species, serum disease and dermatitis venenata have 
been discussed as examples. 

2. Abnormal forms dependent entirely upon qualitative 
differences within the species. In this group belong: (a) 
anaphylaxis, an antigen antibody reaction: (b) atopy, the in- 
herited human hypersensitiveness: (c) the sensitiveness of 
infection. 


STUDIES ON THE TOXICITY OF HUMAN BLOOD 
PLASMA FOR GUINEA-PIGS 


Ill, THE TOXICITY OF HUMAN BLOOD PLASMA IN THE VARIOUS 
STAGES OF PULMONARY TUBERCULOSIS 


S. A. LEVINSON 


From the Laboratory of the Municipal Tuberculosis Sanitarium, and the Depart- 
ments of Pathology and Physiological Chemistry, University of Illinois, 
College of Medicine, Chicago 
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Recently (1) we have reported the effect of intravenous in- 
jections of maternal and fetal plasma into guinea-pigs and 
observed that the shock effect was the result of an intravascular 
coagulation. In a subsequent study, it was observed that the 
toxic effect of the blood was greatest in those cases which con- 
tained a large amount of fibrinogen. For example, the maternal 
blood was more toxic to the guinea-pig than the fetal blood taken 
from the same case, by virtue of the fact that the maternal 
blood contains a larger amount of fibrinogen than the fetal 
blood. 

As corroborative evidence of the above fact, it was also observed 
that any agent that will prevent clotting, such as hirudin when 
injected intravenously before the blood plasma was injected, 
or filtering the plasma through a Berkefeld filter will prevent 
an intravascular coagulation. These observations have also been 
noted in a somewhat similar manner by Sachs (2), Herzfeld 
and Klinger (3), and more recently by Starlinger (4). This 
latter investigator has noted that the flocculation of the blood 
plasma depends quantitatively upon the amount of fibrino- 
gen present in the plasma, and that a partial removal of the 
fibrinogen by delicate absorption agents such as kaolin or bone 
black, diminishes or completely suppresses the degree of floccula- 
tion, and also the sedimentation of erythrocytes. These obser- 
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vations, along with those noted by Sachs and von Oettingen (5) 
have been made on bloods from pregnant and fetal cases. 

Other conditions besides pregnancy may also show a quantita- 
tive increase in the fibrinogen content of the blood such as 
pneumonia, typhoid fever, and pulmonary tuberculosis. The 
latter disease being of a chronic type involves a destruction of 
tissue cells, followed by an attempt on the part of the body to 
repair the involved area. This destruction of tissue liberates a 
substance into the blood that may be one of the factors in stimu- 
lating the formation of fibrinogen, and we therefore undertook a 
study of the plasma of tuberculous patients to see whether or 
not the various stages of tuberculosis may show any differ- 
ences as to the degree of the fibrinogen content of the plasma, 
and also if there might exist a difference as to the degree of 
toxicity in the various stages of tuberculosis. . 

Together with the subject of the toxicity of the blood plasma and 
the fibrinogen content in pulmonary tuberculosis the suspension 
stability of erythrocytes might also be taken into consideration. 
Fahraeus (6), Westergren (7), Frisch and Starlinger (8), and more 
recently Katz (9), have carried on a comprehensive research 
work upon the sinking velocity of erythrocytes in pulmonary 
tuberculosis. Westergren has shown that the sinking speed of 
the red cells is abnormally high in the majority of cases in which 
the pathologic process is active. Together with this observation 
and those made by other investigators (Abderhalden (10), Lin- 
zenmeyer (11), Biischer (12), and others) it has been shown that 
in those cases having a high degree of sedimentation of erythro- 
eytes, the fibrinogen content of the blood plasma was correspond- 
ingly increased above normal. 

Katz in determining the sedimentation speed of erythrocytes 
in the various stages of pulmonary tuberculosis has attempted to 
correlate the relationship of the suspension stability with the 
pulse-temperature curve. His results show that the speed of 
sedimentation is in proportion with the pulse and temperature 
rate, i.e., the higher the pulse and temperature the greater the 
speed of sedimentation. Starlinger has observed that in those 
cases where there is a great destruction of tissue cells, one observes 
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a marked sedimentation reaction, especially is this phenomenon 
pronounced in malignant tumors, pneumonia, florid lues, and 
pulmonary tuberculosis. 

Because of the fact that the fibrinogen content seems to play 
such an important réle in the two conditions; namely, the toxicity 
of the blood plasma and the suspension stability of erythrocytes, 
it was thought advisable to investigate the relationship these two 
conditions might have in tuberculosis. A more detailed study of 
the sedimentation reaction in pulmonary tuberculosis will be 
left for a subsequent study to be made along this line, and especial 
emphasis will be made as to its diagnostic and prognostic value. 


METHODS AND RESULTS 


To determine the suspension stability of erythrocytes we 
have employed the technic of Fahraeus (6), using a test tube 
150 mm. in length having an internal diameter of 9 mm. and ~ 
graduated to 0.1 cc. 2 cc. of a 2 per cent sodium citrate is used, 
and the blood, drawn from the median basilic vein, is allowed 
to run into the tube up to the 10 cc. mark. The time is noted 
when the blood is collected. The tube is inverted 2 or 3 times 
to insure thorough mixing of the blood. At the same time blood 
is also collected for the toxicity test, and for a fibrinogen 
determination. 

To determine the toxicity of the blood plasma taken in the 
various stages of pulmonary tuberculosis, we have used guinea- 
pigs which have not been previously sensitized to a foreign pro- 
tein. The technic of injecting the plasma into the jugular vein 
has been previously described by us. For the determination of 
the fibrinogen content of the blood, Gram’s (18) technic has been 
used. 

In our previous studies on the toxicity of human blood plasma 
for guinea-pigs, we have shown that the toxic dose of normal male 
adult plasma was 1.5 ce. per 100 grams of guinea-pig weight, and 
for female adult, 0.75 to 1 ce. of plasma per 100 grams of guinea- 
pig weight. Table 1 shows that the average toxic dose of blood 
plasma in pulmonary tuberculosis is 0.5 cc. per 100 grams of 
guinea-pig weight; 0.25 cc. per 100 grams of guinea-pig weight 


186 Ss. A. LEVINSON 


does not kill the animal. The toxic dose of blood plasma in 
pulmonary tuberculosis is the same as that of normal pregnancy 
and during delivery. It is also of interest to note that the toxie 
dose of blood plasma is practically the same in the various stages 
of tuberculosis. 

It will also be observed (table 1) that the fibrinogen content of 
the blood plasma taken from the same cases is markedly increased, 
the rate of sedimentation corresponding to that reported by 
other investigators. 


TABLE 1 
The toxicity of human blood plasma in the various stages of pulmonary tuberculosis, 
and its relation to the sedimentation of erythrocytes and the 
pulse-temperature range 


TOXIC DOSE SEDIMENTATION OF 

OF BLOOD ERYTHROCYTES* 
CLASSIFICATION TION Gees, SS | IBRENOGEN a “a ‘RoNwen 

OF GUINEA- | One Two arene HANG? a 

PIG WEIGHT | hour hours Hones 

cc. ce. Cos ce. grams oR per minute 

Turban III... 0.5 4.0 4.3 6.0 0.45 99.5 100 
Turban III... 0.5 3.4 4.0 5.9 0.4 100.0 101 
Turban 111... 0.5 4.2 4.8 6.5 0.55 102.0 120 
Turban III... 0.5 4.0 5.0 6.2 0.42 100.0 108 
urbaneile... 0.5 3.0 4.4 5.0 0.4 99.4 100 
Turban V1... 0.5 3.5 4.0 5.2 0.375 99.0 100 
Turban II.... 0.5 4.0 4.3 6.0 0.382 99.6 102 
Tupban hf 0.5 4.4 5.0 6.0 0.4 99.8 103 
urban... - 0.5 3.0 4.0 4.8 0.375 99.0 96 
Tusbanel.:2-. 0.5 4.0 4.8 5.1 0.35 98.6 99 
Turban l..... 0.6 3.6 4.5 5.0 0.39 98.8 100 
furpanvl..-. 0.55 4.0 4.4 5.0 0.382 99.0 90 


* Determined by measuring the height of the clear plasma layer above the 
lower column of red cells. 


The relationship of the pulse and temperature ratio with the 
suspension stability is of interest, for it will be observed that a 
relationship exists between these factors. Although the pulse 
and temperature curve might not be employed to demonstrate the 
degree or extent of involvement in pulmonary tuberculosis it is, 
however, a factor in expressing activity and is an index in demon- 
strating tissue destruction. We have not collected blood several 
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times from each patient to show that the speed and degree of 
sedimentation of erythrocytes may vary with the pulse and 
temperature change. This correlation has been carefully studied 
by Katz. 


DISCUSSION 


In view of the fact that tuberculosis as a rule follows a pro- 
tracted course, one may presuppose that the continuous breaking 
down of tissue cells may liberate substances that induce the 
quantitative increase of fibrinogen in the blood. Just how long 
this active tissue destruction continues cannot always be deter- 
mined. It is possible that the fibrinogen content may be of 
value in determining this clinically important question, although 
we have not at the moment had the opportunity of examining 
the plasma of recovered patients. 

On previous observations with fetal and maternal bloods, the 
bloods of various diseases, and the results observed in the present 
study indicate that the degree of toxicity also depends upon the 
quantity of fibrinogen present in the blood. 

In pulmonary tuberculosis there is an increased serum protein 
content which is especially evident in advanced phthisis, while 
the markedly cachectic cases reveal subnormal values. Frisch 
(14) has also shown that a markedly increased fibrinogen content 
exists in the nodose and pneumonic forms of pulmonary tuberculo- 
sis, the serous effusion and intestinal, the fibrotic and bronchial 
gland cases, while a rather small increase or normal finding was 
characteristic of the latent and dry pleurisy cases. Repeated 
examinations of the fibrinogen content showed characteristic 
variations going hand in hand with the clinical course. <A paral- 
lelism exists between the presence of fever and the fibrinogen 
content of the blood. This observer is also of the opinion that 
the fibrinogen originates from the pathologic processes, which 
destroy the cell in the diseased areas and, therefore, can be taken 
as a measure of tissue destruction. Practically this test should 
differentiate active from inactive (latent) tuberculosis. 

Becquerel and Rodier (15) have investigated the fibrinogen 
content of the blood in pulmonary tuberculosis and have observed 
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that the greater increase in the fibrinogen content usually occurs 
in those cases which show an increased activity. This observa- 
tion is in accord with the findings of Foster and Whipple (16) 
who have shown that tissue injury and inflammation seem to 
increase the production of fibrinogen and cause a marked increase 
in the fibrin values. Mills (17) is of the opinion that the lungs 
yield the most potent product that is capable of activating the 
coagulation of the blood. This observer has shown that tissue 
fibrinogen has no toxic effect on the body, unless clotting of the 
blood is induced. Mills has also demonstrated that one must 
avoid injecting the substance directly into the circulating blood, 
as there is very great danger of immediate death from intravas- 
cular clotting, an observation similar to that recorded by us. 

It is possible therefore, to associate the quantitative increase 
of fibrinogen in pulmonary tuberculosis with the degree of activity 
of the disease, as the fibrinogen factor may be used as an index of 
tissue destruction. Especially is this condition pronounced when 
it is observed that the degree of toxicity depends upon the quan- 
titative increase in fibrinogen. Clinically, an increase in the 
pulse and temperature rate is only one of the methods by which 
cellular destruction may be expressed. 

The question of sedimentation of erythrocytes was introduced 
into the present study to show the relationship this might have 
with the question of toxicity. Although a detailed discussion 
of the suspension stability must be left for another paper dealing 
with this subject, the factors influencing the speed of sedimenta- 
tion might be enumerated. The consensus of opinion among 
the various investigators is that the sedimentation of the red 
blood cells depends upon the amount of fibrinogen present (Star- 
linger, Sachs, and others). Abderhalden (10) suggests the pos- 
sibility that the sedimentation time might also depend, not only 
on the composition of the blood plasma, but also on that of the 
red blood cells themselves. Marloff (18) believes that the size 
and hemoglobin content of the erythrocytes have a certain effect 
on its sedimentation time. Plaut (19) is of the opinion that the 
rapidity of the sedimentation might be explained along the lines 
of auto-agglutination, which he thinks is dependent upon the 
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fibrogen content of the serum. Hans Sachs believes that the 
rapidity of sedimentation is due to a variation in stability of the 
plasma in which fibrinogen is the most labile component. But 
since the sedimentation of the red blood cells depends upon the 
amount of fibrinogen, and there exists a parallelism between sedi- 
mentation and toxicity, as we have brought out by our experi- 
ments, this alone is sufficient proof of the casual importance the 
amount of fibrinogen plays in the question of toxicity in pul- 
monary tuberculosis. 

It is obvious then, that in those cases having an increased tem- 
perature and pulse rate, the toxicity of the blood plasma for the 
guinea-pig is increased; also an increase in the suspension stability 
of the red cells. As we have pointed out above, the toxicity of 
blood plasma depends upon the fibrinogen content of the latter, 
and this factor also plays an important role in the sedimentation 
of erythrocytes (Fahraeus, Gram). These four factors, tempera- 
ture, pulse, toxicity, and sedimentation are parallel with each 
other. Although the degree of toxicity is no index as to the 
prognosis of the disease, and can not be used in diagnosis, it does 
show that the balance between pathologic activity (in tuberculo- 
sis) and the factors influencing a physiologic balance of the 
organism is disturbed. 


SUMMARY 


As a result of tabulating the findings in the various stages of 
activity, it appears that the suspension stability of the blood in 
pulmonary tuberculosis parallels the activity of the process. 

With an increase in the pulse rate and temperature, there is 
also an increase in the sedimentation rate of erythrocytes. 

The toxicity of the blood plasma in pulmonary tuberculosis is 
also increased for the guinea-pig. The pulse, temperature, sus- 
pension stability of erythrocytes, and toxicity of the blood plasma 
are parallel with each other. 
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It is currently assumed that the acute anaphylactic shock and 
the peptone shock in dogs are physiologically identical reactions. 
This assumption is based on the marked similarity between the 
clinical pictures and pathological findings of the two reactions. 
It has been shown that the liver is the essential or dominant 
reacting organ in canine anaphylaxis (1). The assumption has, 
therefore, been made that canine peptone shock also is funda- 
mentally an hepatic reaction. In order to test the validity of 
this assumption, we have studied the peptone reaction in de- 
hepatized and eviscerated dogs. 


PEPTONE SHOCK IN DEHEPATIZED DOGS 


The dehepatization tests were made with the simplified Eck- 
fistula technic recently proposed by Dale and Laidlaw (2). 
According to this technic connection is made between the portal 
vein and the inferior vena cava by means of an excised portion 
of the jugular vein of the same animal, Crile’s transfusion cannulae 
being used to make the connections. In our initial tests we 
used the excised vena cava of a second dog for this connection. In 
our later tests we simplified the technic by dissecting out the 
abdominal vena cava of the animal to be tested and connecting 
its caudal end to the portal vein by means of a transfusion cannula. 
The portal vein and hepatic artery were then ligated immediately 
adjacent to the liver, and varying amounts of peptone injected 
intravenously. Typical data thus obtained are shown in table 1. 
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From this table it is seen that marked peptone reactions take 
place in dehepatized dogs. The liver therefore is not an essential 
or dominant organ in this reaction. 

The reactions in dehepatized dogs, however, show constant 
quantitative differences from the control reactions in intact dogs. 
The fall in arterial blood pressure is never as pronounced as in 
the intact animal. From this we conclude that there is an im- 
portant though not dominant hepatic factor in the production of 
this shock. 

The most marked difference, however, is observed in the 
recovery period. In intact dogs the arterial blood pressure is 
usually restored to normal in from thirty to sixty minutes, de- 


TABLE 1 
Typical reaction in dehepatized dogs 


Intravenous injections of 0.25 gram Witte’s peptone (B) per kilogram of body 
weight. Morphine-ether anesthesia 


CAROTID BLOOD PRESSURE 


ANIMAL TESTED 
Tnitial 90 f 5 10 20 40 60 
seconds |minutes|minutes|/minutes|/minutes| minutes 


mm. Hg\mm. He|\mm. Hge|mm. Hg|mm. Heg|}mm. He|mm. Hg 


Dehepatizededor..).5sa..55-2 > 100 | 40 40 45 40 35 30 
Wontraldog: ose tele se ke a 110 | 30 22 28 40 65 90 


pending upon the peptone dose injected. Practically no re- 
covery takes place in dehepatized dogs. The liver therefore is 
undoubtedly the essential or dominant organ in the recovery from 
peptone shock. 


PEPTONE SHOCK IN EVISCERATED DOGS 


To prepare dogs for the evisceration tests, the esophagus, de- 
scending colon, inferior mesenteric artery, and coeliac axis were 
ligated. Unclosed ligatures were then placed about the superior 
mesenteric artery and the portal vein. These ligatures were 
now closed simultaneously. In this way the circulation was 
discontinued in the principal abdominal viscera, including the 
stomach, intestines, spleen and liver. The dogs were then given 
intravenous peptone injections. Typical data thus obtained are 
shown in table 2. 
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From this table it is seen that marked peptone reactions take 
place in eviscerated dogs. The fall in arterial blood pressure, 
however, is less pronounced than in intact dogs, and even less 
pronounced than in dehepatized dogs. There is therefore un- 
doubtedly a contributory reacting factor in the extra-hepatic 
abdominal viscera, presumably in the intestines. Almost no 
recovery is noted in eviscerated dogs. 


TABLE 2 
Typical peptone reaction in eviscerated dogs 
Intravenous injections of 0.25 gram Witte’s peptone (B) per kilogram of body 


weight. Morphine-ether anesthesia 
EE EE a aR TIPPS VR re AT EE Re De 


CAROTID BLOOD PRESSURE 


ANIMAL TESTED 
5 10 20 40 60 


Orc 90 
Initial seconds |minutes|minutes|minutes|minutes|minutes 


mm. Hg|mm. Hg|}mm. He|mm. He|mm. Hg|mm. He|mm. Hg 


Bwaisterated dog. v.32 we... 180.) 70 50 48 48 56 50 
Weairolkdogs Sees hie ies 2s lade TDS MG 23 25 40 70 100 
CONCLUSIONS 


We conclude from these tests that the reacting tissues in 
canine peptone shock are widely distributed throughout the 
body. Canine anaphylactic shock and canine peptone shock 
therefore cannot be regarded as physiologically identical reac- 
tions. This confirms our earlier conclusion based on a study of 
the refractory periods in the two shocks (3). 


SUMMARY 


1. Marked fall in arterial blood pressure is produced by in- 
travenous injections of peptone into dehepatized dogs. 

2. Canine peptone shock and canine anaphylactic shock there- 
fore cannot be regarded as physiologically identical reactions. 

3. Recovery from peptone shock does not take place in dehep- 
atized dogs. 
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Study of the changes in experimental animals brought about 
by dietary deficiencies has been directed almost exclusively to 
physiological and anatomical manifestations. The effects which 
such diets may have upon serological or immunological properties 
have received but little attention in spite of the fact that there 
is abundant clinical evidence associating defective diet with 
decreased resistance. In numerous publications of a clinical 
nature a direct correlation has been pointed out between a 
deficient diet and morbidity and mortality rates from inter- 
current infection. Such findings obviously suggest that under 
conditions of inadequate nutrition the efficiency of the mechanism 
of resistance is impaired. In so far as can be determined, the 
connection between these two conditions has not been submitted 
to direct experimental proof, either with the clinical material 
suggesting such a relationship or with experimental animals 
in which nutritional disturbances were artificially induced. 

Two papers have appeared which, dealing with the subject 
from an experimental point of view, seem to have a bearing upon 
the question. The first of these, that of Hektoen (1), only 
indirectly touches the point at issue, and the results are incon- 
clusive. Hektoen reports experiments designed to determine 
the ability of normal and deficient rats to produce heterogenetic 
antibody. No difference between the two sets of animals could 
be found, and it must be said that were a deficient animal to 
show any deviation from normal, that condition would hardly 
become apparent within. the short time (five days) that the 
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animals were upon the inadequate diet. Zilva (2) in a more 
recent communication, approached the subject from much the 
same point of view and measured the production of agglutinating 
and complement fixing antibodies for B. typhosus. In addition 
Zilva performed repeated titrations for complement. He con- 
siders the experimental data as warranting the conclusion that 
although growth conditions were profoundly modified by the 
diets supplied, the antibody response to typhoid antigen remained 
unaffected except in certain animals which had received diets 
poor in phosphorus. Furthermore, no significant change in the 
complementing activity of the sera of the animals on scorbutic 
diet as compared with normal control animals could be detected. 
In the discussion, however, he specifically points out that the 
capacity of the body to produce antibody of this type bears no 
essential relationship to the ability of the body to resist or with- 
stand disease. 

In our work we have not been concerned with the ability of the 
animals, normal and deficient, to elaborate antibody to a specific 
injected antigen, but have simply been interested in ascertaining 
a measure of the natural resistance enjoyed by normal rats as 
compared with those maintained upon an incomplete diet. 
For this purpose three factors were taken as giving an index of 
natural resistance—complementing activity of the serum, bac- 
tericidal action of the serum, and the ability to stimulate phago- 
eytosis with heterologous leukocytes. It is not suggested that 
such determinations will yield results to be interpreted as express- 
ing natural resistance, yet it appeared that such factors might 
be a part in the phenomenon and might afford some information 
on the subject. 

The animals upon which this report is based were rats! which 
had been upon a diet known to be rickets-producing and in which 
the phosphorus and fat-soluble A content was low. Previous 
to our serologic tests they had been fed exclusively upon this 
diet for 64 days, and they presented the anatomic pictures already 
described in the report of Park and his associates (3). In brief, 
these authors found that while all of these animals had been 


1 Placed at our disposal by Dr. E. A. Park and Dr. G. F. Powers. 
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upon the same diet, only those which had not been exposed 
to radiation from a mercury vapor quartz lamp showed evidence 
of rickets. Rats treated with the radiation failed to present 
such a condition. Both of these sets of animals were examined 
serologically. For purposes of control, normally fed animals of 
similar weight were used. Previous experiments had shown that 
while certain differences in result might be expected in rats of 
different weight and age groups, within any certain group fairly 
constant and comparable results could be expected. 

With the sera of these animals, the blood being taken asepti- 
cally from the jugular vein, complement titrations were made in 
an antisheep system, bactericidal action was determined for 
B. typhosus, and the bacteriotropic activity for Staphylococcus 
aureus with human leukocytes and guinea-pig complement was 
estimated. It should be noted that all sera from the control as 
well as from thetest animals were subjected to the same treatment, 
that all titrations were made upon the same day, and that all 
reagents employed except sera were common to the tests made 
with both groups of rats. 

The titrations for hemolytic complement were performed with 
the freshly drawn sera diluted 1:20 and combined with 2 units 
of amboceptor and 0.5 cc. of a 2.5 per cent suspension of sheep 
cells. Incubation was at 37.5°C. for thirty minutes and the 
readings that were taken immediately after incubation were 
confirmed by further readings made after sedimentation of the 
cells. The results of the complement titration, as indicated 
upon the graph, do not show the titre for each individual animal. 
Merely the averages for both groups are presented. While 
some variation was found in the titers for animals within each 
group, the range of values was essentially the same and when 
averaged no significant difference could be detected between 
the control and the test group. 

In the bacteriotropic tests the rat sera were inactivated at 
56°C. for thirty minutes. To measured quantities of each serum 
a constant amount of guinea pig complement was added. Mix- 
tures of complemented sera, human leukocytes, and Staphylococ- 
cus aureus Suspension were made, incubated for 15 minutes, and 
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spread for staining. In making the counts, both the Wright and 
the Simon and Lamar indices were recorded. In spite of the 
well recognized difficulties attending determinations of this type 
and of interpreting results, certain fairly constant differences 
appear. The graph presents the results secured by the Wright 
method, showing the values obtained with each individual 
animal. It is obvious that the values for the normal animals 
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are uniformly higher than those for the test rats. Indeed, the 
lowest index secured in the normal rats is definitely higher than 
the highest indices found in the deficient animals. 

Titrations for bactericidal action were made by the looped 
pipette method of Wright, the test organism being an 18 hour 
broth culture of B. typhosus. Incubation of serum and culture 
dilution was allowed to proceed at 37.5°C. for three hours, at the 
end of which period the mixture was taken up into dextrose 
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Andrade broth and incubated 24 hours before readings were 
made. The results secured in these tests are graphically ex- 
pressed showing the titer for each rat. The individual varia- 
tion within the two groups was considerable, but, as in the case 
of the bacteriotropins, the sera of the normal rats were more 
potent; the average titer for the control group was more than 
twice as high as the average for the deficient set. 


CONCLUSIONS 


The sera from the animals which had been maintained upon 
a rickets-producing diet show certain differences when compared 
with sera from the normally fed animals. The outstanding 
feature is the marked difference in the bactericidal titers; values 
for the most active sera among the rachitic rats being well below 
the lowest values secured for the normal animals. 

The complement titrations show but little variation, and there 
appears to be little if any correlation between complementing 
activity and the bactericidal values of the serum. 

The phagocytic indices, while subject to considerable variation 
within each group, appear in general somewhat lower among the 
animals fed upon the deficient diet. 

{t is of particular interest that these serological titrations upon 
the group of rats which had been upon a deficient diet failed 
entirely to show any consistent difference which could be cor- 
related with the anatomic findings reported by Powers (3). 
Both groups, those which actually showed rickets and those 
which, because of radiation, failed to show rickets, were essentially 
alike in regard to the reactivity of their sera. 

It is not suggested that these changes may be fundamental or 
that they may be directly associated with the defective diet. 
It is indeed much more probable that they are indirect, being 
dependent upon a modified cellular activity induced by failure 
to provide a proper regimen. 

Observations quite similar to these have been made upon a 
large series of rats? which have been upon diets defective in 


2 Placed at our disposal by Dr. L. B. Mendel. 
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various respects. In not all cases have the results been com- 
parable to those here reported, but the general outcome of the 
experiments has been quite analogous to the findings in this 
particular series. 
REFERENCES 
(1) Hextrorn: The formation of antibodies in rats fed on pure vegetable pro- 
teins, Jour. Infect. Dis., 1914, 15, 279. 
(2) Zitva: The influence of deficient nutrition on the prodution of agglutinins, 
complement and amboceptor, Biochem. Jour., 1919, 13, 172. 
(3) Powers, G. F., Park, E. A., Saiptzy, P. G., McCotuivum, E. V., anp Sim- 
MoNDS, NINA: Study on experimental rickets. XIX. The prevention 


of rickets in the rat by means of radiation with the mercury vapor 
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It has been observed by one of us (1) that the complement 
content of the blood from patients after x-ray treatment increases 
in certain instances. A similar result could never be obtained 
by radiating the blood from the same patient in test tubes. This 
observation led to the study of the effect of x-rays on the whole 
hemolytic system outside of the body, with the result that the 
radiated system hemolyzed more rapidly than the non-radiated 
controls. 

It is difficult to explain this observation with the few facts 
definitely known about specific hemolysis. Though conceivable 
as a purely physical phenomenon, the general conception is that 
some type of chemical reaction is also involved during the 
hemolytic process. This view depends, of course, to a great 
extent upon certain properties of the complement, about 
which a great deal of conflicting literature has been published. 
The majority of investigators believe that the complement 
behaves primarily as a ferment (2). It is this interpretation of 
the nature of the complement that would seem to indicate that 
hemolysis is largely a chemical reaction. Assuming this to be 
the case, it is reasonable to suppose that the change in the amount 
of energy introduced into the system in the form of x-rays, in- 
fluences the velocity at which equilibrium of the reaction is 
reached. That this is the case is shown by the following experi- 
mental data. 


1 Presented at the October Meeting of the Western Branch of the Society of 
Experimental Medicine and Biology at Geneva, N. Y. 
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EXPERIMENTAL PART 
1. Description of reagents 


Complement. Guinea-pigs and human complement was ob- 
tained by the centrifugation of clotted blood. The serum was 
immediately removed and preserved at ice temperature. 

Amboceptor. The product manufactured by the Lederle 
Antitoxin Company was used in a concentration three times 
that required to completely hemolyze the amount of blood used. 

Corpuscles. Fresh sheep cells obtained from a local packing 
house were washed thoroughly and diluted with physiological 
salt solution to a 2.5 per cent suspension. Care was taken to 
centrifuge for the same length of time in all cases so as always to 
obtain an approx‘mately equal concentration of cells. 


2. Description of apparatus 


The rate of hemolysis was determined in small test tubes of 
approximately the same diameter and thickness of walls (10 em. 
x cm.). Mixing of the liquid was accomplished by means of 
glass rods, the ends of which were bent at right angles. 

In all experiments a Kelly Koett x-ray machine equipped with 
a Coolidge tube was used. This tube (20508) gave an erythema 
dose, on the human skin, without a filter in two minutes at a 
distance of 21 em., 126 K.V., and 10 M.A. The 2.4 em. alumi- 
num filter gave an erythema dose in four minutes at a distance 
of 21. cm., 126, K.V.,, 5 M.A. 


5, Method 


Sensitation of sheep cells. It was found in our preliminary 
experiments that unless the amboceptor and corpuscles were 
uniformly mixed two sets of hemolytic systems did not come to 
the point of complete hemolysis at the same time. According 
to our experience, it was impossible to obtain equal distribution 
of corpuscles and amboceptor by ordinary hand mixing. The 
best result could only be attained by adding the amboceptor as 
rapidly as possible to the corpuscles which were stirred by a high 
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speed agitator. The speed, of course, must be below the break- 
ing point of the cells. By this procedure equal quantities of 
amboceptor and corpuscles were mixed giving a final concentra- 
tion of 1.25 per cent cells. 

Determination of the rate of hemolysis. Into each of the small 
test tubes was pipetted one cubic centimeter of the diluted com- 
plement and one cubic centimeter of the sensitized corpuscles, 
making a final volume of 2.cc. The stirring rods were then intro- 
duced and the contents of each tube mixed by hand at the same 
speed until complete hemolysis was reached. This point of 
complete hemolysis was always reached at almost the same 
length of time (the greatest variation being 30 seconds) in series 
of four control tubes. A tube of completely hemolyzed blood 
of the same dilution of complement and volume as the system 
under examination was used for the comparison of end-points. 

To determine the influence of x-rays on the rate of hemolysis 
two series of tubes containing the same dilution of complement 
were prepared, the sensitized cells being added to both series as 
quickly and as nearly simultaneously as possible. The contents 
of the tubes were then mixed by shaking gently and one series 
was placed under the Coolidge bulb. Since the absorption of 
X-rays varies with the depth of the liquid exposed, the tubes were 
always placed at the same angle (nearly horizontal). The other 
series of tubes was placed at the same angle as the radiated ones, 
but protected from the action of the x-rays. The temperature 
of both series was recorded and only those experiments were 
used in which the temperature checked within 0.5°. After the 
completion of the radiation period the stirring rods were intro- 
duced and both series of tubes stirred uniformly and continu- 
ously until the end-point was reached. 


EXPERIMENTAL DATA 
Radiation without a filter 


In these experiments a special regulation of the temperature 
was necessary since the tubes showed a considerable increase in 
temperature during the radiation period. A satisfactory regula- 
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tion was obtained by sending over the tubes with an ordinary 
fan, a current of cold air generated from a properly adjusted 
pile of ice. 


DISCUSSION OF RESULTS 


Our experimental data conclusively shows that the rate at 
which our hemolytic system went into complete solution was 


TABLE 1 


May 10, 1922. Fresh guinea-pigs’ complement: titre 0.01. Radiation: No filter 
—40 cm.; 4 M.A.: 141 K.V. Temperature: 24.5° + 0.5°C. Average interval 
between addition of sensitized corpuscles and beginning of radiation was 60 seconds. 


RADIATED SERIES NON-RADIATED 
DILUTION a ee ED Time of Increase of rate of 
OF COM- at radiation periods of complete hemolysis hemolysis by radiation of 
PLEMENT 2 SVL RMS SE a eS a ee 
F : 12 4 8 12 4 8 12 
4 minutes | 8 minutes minutes | minutes | minutes | minutes | minutes | minutes | minutes 
minutes | minutes | minutes | minutes | minutes | minutes | minutes | minutes | minutes 
0.04 12.5 19 10 15.5 15.5 15.0 3 3 5.0 
0.04 135) 125 10 15.5 HES 1520 3 3 5.0 
0.02 20.5 ZAS 23 23.5 29.5 29.5 3 8 6.5 
0.02 20.5 21.5 23 23.5 29.5 29.5 3 8 6.5 


Radiation with a filter (alumumum 2.4 mm.) 


TABLE 2 


May 18, 1922. Fresh guinea-pigs’ complement. Radiation 25 cm.: 4 M.A.: 
141 K.V. Filter: Aluminum 2.4mm. Temperature: 22.5 plus 0.5°C. 


RADIATED SERIES CONTROL SERIES 
pitutron | Time of complete hemolysis Time of Increase of rate of 
OF cCoM- at radiation periods of complete hemolysis hemolysis by radiation of 
PREMENT W aoe a SOLS | a oe ee 
Santis 12 16 20 8 12 16 20 8 12 16 20 
“ites min- min- | min- | min- | min- | min- | min- | min- | min- | min- | min- 
utes utes utes | utes | utes | utes | utes | utes | utes | utes | utes 
min- min- | min- | min- | min- | min- | min- | min- | min- | min- | min- | min- 
utes utes utes utes | utes utes utes | utes utes | utes | utes utes 
0.04 13 14 14 | 16.5 1 2.0 
0.04 13 14 14 | 16.5 1 2.5 
0.02 24 29 29 28 DONO220|) aGn|noorol a: Se Onl eee wee 
0.02 24 29 29 28 25 neos.0| S64) O55] ee: OL OML dt, We 


| * 
increased by the actions of x-rays. This acceleration took place 
only when the whole system was exposed to the x-rays, since 
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radiation of complement alone, sensitized corpuscles alone and 
complement plus amboceptor alone did not increase the rate of 


TABLE 3 


May 11, 1922. Radiation of guinea-pigs’ complement. Corpuscles added immedi- 
ately after radiation period. Stirring then commenced at once. Temperature 
23.5°C. Radiation: Same as in table 1 (no filter) 


RADIATED COMPLEMENT CONTROL SERIES 
INCREASE OF RATE OF 
DILUTION HEMOLYSIS BY ERA ae I 9 . 
OF COMPLEMENT RADIATION OF WHOLE | Time of complete hemol-| -p; 
SYSTEM—15 MINUTES ysis at radiation Dunst complete 
periods of 15 minutes y 
minutes minutes minutes 
0.02 5 20 16 
0.02 5 20 16 
Be er Ne eh 
TABLE 4 


May 10, 1922. Radiation of sensitized corpuscles. Radiation: As in table 1 (no 
filter). Complement added simultaneously to both series after radiation period. 
pS CAE CAA a CNM eT ESD AS Ni ASSES Pe TERETE 


RADIATED SERIES CONTROL SERIES 


DILUTION OF COMPLEMENT Time of complete hemolysis 


after radiation 
periods of 12 minutes 


Time of complete hemolysis 
after 12 minutes 


minutes minutes 
0.04 11 11 
0.04 11 11 
0.02 : 20 20 
0.02 20 20 
Nae ee ee ee See 
TABLE 5 


July 6, 1922. Radiation of complement plus amboceptor. Corpuscles added simul- 
taneously to both series after radiation period. Radiation: As in table 2 (Alum- 
inum filter 2.4) 

TIME OF COMPLETE HEMOLYSIS 


DILUTION OF COMPLEMENT AFTER RADIATION 
PERIODS or 15 MINUTES 


TIME OF COMPLETE HEMOLYSIS 
AFTER 15 MINUTES 


——_—_— 


minuies minutes 
0.04 28 28 
0.04 28 28 


= SS 


hemolysis of the system. This is proven by the experimental 
data shown in tables 3, 4, 5 and 6. 
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These facts that the radiation of the separate components 
(tables 4, 5, 6 and 7) involved in our hemolytic system has no 
effect on the rate of hemolysis, and that both series, radiated 
and non-radiated, reach the same end-point (complete hemolysins) 
but at different periods of time indicate that the effect of x-rays 
have been to increase the kinetic energy of the molecules com- 
posing the hemolytic system to such an extent that the reaction 
has reached completion in a shorter period of time, an effect 


TABLE 6 
Radiation of complement alone with a filter (aluminum 2.4 mm.). Complement 
added simultaneously to both series after radiation period. Radiation as in 
table 2. 


RADIATED SERIES 


| 
| 
(COMPLEMENT ONLY CONTROL SERIES 
INCREASE OF RATE OF } RADIATED) 
ee ee HEMOLYSIS BY RADIATION | 
; OF WHOLE SYSTEM Time of complete : 
COMPLEMENT Z Lae = 
hemolysis after radiation Time es comets hemo 
| periods of y 
16 minutes | 20 minutes | 16 minutes 20 minutes | 16 minutes | 20 minutes 
| ] = 
minutes minutes minutes minutes 
0.02 7.0 425 19 19 19 19 
0.02 7.0 fds 19 19 19 19 
TABLE 7 
| 
J RATE OF HEMOLYSIS AT ACCELERATION OF 
on pe aatiag ae HEMOLYSIS BY 10° RISE 
20°C. 30°C. OF TEMPERATURE 
; } : 
minutes | minutes 
100 11 4.75 2.3, 
60 18 4:5 2.4 
40 28 10.6 2.6 
30 40 15.0 2th 
| | ; 
20 94 | 33.0 | 2.9 


analogous to that produced in the same system by a rise of tem- 
perature (3). This increase in kinetic energy is not the only 
effect of x-rays on our hemolytic system. There is also (see 
table 4) a simultaneous slow destruction of the complement 
taking place, which, if the radiation is intense enough may 
influence the hemolytic system to a greater extent than the 
accelerating action due to the increase of the kinetic energy of 
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the molecules of our system. This destructive action of x-rays 
on the complement is strikingly shown in table 4 where radiation 
of the whole system increased the rate of hemolysis five minutes, 
while simultaneous radiation of the same dilution of complement 
alone decreased the rate of hemolysis by four minutes. This de- 
struction of the complement was observed only in those experi- 
ments in which no filters were employed. The same facts are 
graphically represented in figure 1. It will be noted that the slope 
cf curve B, where no filter was used, continuously decreases after 
8-9 minutes radiation, while the slope of curve D, where an 
aluminum filter was employed, decreased only slightly, even after 
sixteen minutes’ radiation. 

On further reviewing the data it is observed that there is no 
direct relationship between the dilution of the complement and 
the time of complete hemolysis. The lower dilutions (one-half 
the higher) always hemolyze more rapidly than calculation 
would require (see tables 1 and 2). Furthermore, as portrayed 
in figure 1 (see also table 1) the lower dilutions of complement 
on radiation show a greater increase in their rate of hemolysis 
than the higher ones. This variation of velocity of hemolysis 
with concentration takes place both with and without a filter, 
but it is much more noticeable in the latter case. Here again, we 
find a similarity between the influence of radiation and rise of 
temperature on a hemolytic system. Thus, on calculating the 
data of Kiss (4), we find that at a concentration of 100 units of 
complement an increase of 10° accelerated the rate of hemolysis 
2.3 times, while at a concentration of 20 units the velocity was 
increased to 2.9 times. This relationship is tabulated in table 7. 


SUMMARY 


1. The radiation of the individual components of a hemolytic 
system does not increase the rate of hemolysis of that system. 

2. Radiation of the whole hemolytic system increases the 
rate of hemolysis of that system. 

3. X-rays influence the velocity at which the equilibrium of a 
reaction is reached. Further studies are in progress to determine 
the effect of x-rays on the velocity of chemical reactions. 
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One of the important physiological factors in canine peptone 
shock is the increased resistance to blood flow through the liver 
(1). We have endeavored to determine the mechanism of this 
increase by histological methods. 

To prepare material for this study, livers were fixed by 
perfusion methods. By the preferable technic, a canula is tied 
in the pancreatic branch of the portal vein, and connected with 
constant-pressure bottles containing warm (88°C.) Ringer’s 
solution and warm Kaiserling’s solution. An unclosed ligature 
is then placed about the mesenteric vein and hepatic artery. 
The dag is now thrown into shock by an intravenous peptone 
injection. At the desired stage of the shock, the Ringer’s 
solution clamp is opened, the abdominal vena cava cut, the 
mesenteric-hepatic ligature tightened, and the thoracic vena 
cava cut. 

After 350 to 500 cc. Ringer’s solution has passed through the 
liver, washing out the easily removable blood, the perfusion is 
changed to Kaiserling’s solution. About 1500 cc. Kaiserling’s 
solution is allowed to flow through the organ. This is followed 
without change of pressure by 2000 cc. warm non-acid Zenker’s 
solution containing 10 per cent formalin. The formalized 
Zenker’s solution is used because it immediately hardens the liver, 
so that practically no hepatic collapse takes place on stopping the 
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perfusion. The hardened liver is now removed, and emersed 
in Kaiserling’s solution. Samples are cut for histological study 
twenty-four hours later. 

By an alternate method, the liver is perfused through a canula 
tied in the portal vein. This method, however, has the disad- 
vantage of temporarily interrupting the hepatic circulation. 

The routine pressure used in these perfusions was 15 to 
18 mm. Hg, the approximate portal pressure during peptone 
shock (1). Certain livers, however, were fixed at 8 to 10 
mm. Hg, the approximate normal portal blood pressure in dogs, 
others at pressures as high as 40 mm. Hg. 

The results here reported are based on a study of twelve 
peptone shock livers and eight normal controls. The majority 
of the shock livers represent the eight to twelve minute stage of 
the peptone reaction. Livers, however, were studied as early as 
the second minute of peptone shock, and as late as the thirtieth 
minute. The histopathological findings may be conveniently 
presented under three headings: (a) Changes in the parenchy- 
matous cells; (b) changes in the interstitial tissue fluids; and (c) 
changes in the blood vessels. 


I. PARENCHYMATOUS CHANGES 


All peptone shock livers thus far studied have shown marked 
swelling and vacuolization of the parenchymatous cells. These 
changes are similar to the changes described by Weil and Eggles- 
ton (2) in canine anaphylaxis. This parenchymatous change is 
least marked in the earlier stages of peptone shock, when it may 
be confined to certain lobules or to certain portions of each 
lobule. In the later stages of the reaction, marked swelling and 
vacuolization is seen in practically all parenchymatous cells. 


II. LYMPHATIC CHANGES 


All peptone shock livers thus far studied have shown marked 
increases in the amount of the interstitial tissue fluids, and 
marked changes in the nature of these fluids. The increase is 
shown by: (a) Edema of the connective tissue structures, 
particularly of the adventitia of the hepatic veins; (b) dilatation 
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and even rupture of the formed lymphatics; and (c) mechanical 
separation of the sinusoidal endothelium from the parenchyma- 
tous cells. 

Lymphatics are more numerous in the liver than we had pre- 
viously supposed. The smaller hepatic veins are often paralleled 
by from four to eight lymph channels, each channel having a 
potential diameter greater than that of the accompanying vein. 
The separation of the sinusoidal endothelium from the parenchy- 
matous cells is usually eccentric, the partially collapsed capillary 
being attached at one side to the sinusoidal wall. Occasionally, 
however, a concentric separation is observed. 

Changes in the composition of the interstitial tissue fluids 
are shown by: (a) Altered staining reactions; and (b) the pres- 
ence of extravasated red blood corpuscles. The contents of the 
lymphatics usually stains pink with eosin, giving the appearance 
of colloid. Numerous extravasted red blood corpuscles are 
always found, particularly in the edematous adventitia of the 
hepatic veins. These changes are in line with the well known 
changes in the lymph collected from the thoracic duct during pep- 
tone shock. This lymph is markedly increased in amount, its 
specific gravity is increased, it is highly coagulable, and contains 
numerous red blood corpuscles. 


III. VASCULAR CHANGES 


All peptone shock livers thus far studied have shown marked 
vascular changes. The changes are: 

a. Sinusoidal vasoconstriction. This is shown by a marked 
narrowing, or even complete collapse of the sinusoidal capillaries, 
with or without separation from the sinusoidal parenchyma. 
We believe the main factor causing this narrowing is increased 
tissue pressure from perivascular edema and parenchymatous 
swelling. Whether or not there is in addition an active capillary 
vasoconstriction cannot be determined by our methods. 

b. Hepatic venoconstriction. A similar narrowing is usually 
observed in the hepatic veins. The portal veins are apparently 
not constricted. We believe the main factor causing this narrow- 
ing is increased tissue pressure from perivascular edema and 
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perivascular lymphatic dilatation. Whether or not there is in 
addition an active hepatic venoconstriction cannot be deter- 
mined by our method. We believe, however, the evidence is 
against this factor, since venoconstriction cannot be demonstrated 
by hepatic perfusion with adrenalin and barium chloride (3). 

c. Sinusoidal stasis. With the routine perfusion pressure, 
the blood is always incompletely removed from the peptone shock 
livers. The retained blood is in the form of sinusoidal plugs, 
with corpuscles occasionally so closely packed together that it is 
difficult to determine the outlines of the individual cells. This 
finding confirms the observation of Simons (4), who found rem- 
nants of sinusoidal plugs in the livers of dogs killed eight and 
fifteen days after multiple intravenous peptone injections. 

The amount of sinusoidal stasis depends upon the stage of the 
peptone reaction. In the early stages of the shock, the majority 
of the sinusoids may be occluded by corpuscle plugs, particu- 
larly toward the centers of the lobules. In the later stages, only 
an occasional sinusoidal plug may be noted. 

The sinusoidal plugs show no evidence of fibrin, from which we 
conclude that their formation is not due to local coagulation. 
If defibrinated whole blood is mixed with peptone in the relative 
proportions employed in the production of peptone shock, no 
hemagglutination is observed, and no increased adhesiveness of 
the corpuscles on centrifugation. We therefore believe that 
hemagglutination plays no réle in the production of the sinu- 
soidal stasis. 

d. Venous stasis. The portal veins are always free from 
corpuscles in our preparations. The hepatic veins are usually 
free from corpuscles. Occasionally, however, a considerable 
number of narrowed hepatic veins are found plugged with 
corpuscle masses. 

e. Leucocytic deposits. Peptone shock livers always show 
numerous leucocytes adherent to the sinusoidal walls. The 
number of adherent leucocytes is greatest in the later stages of the 
shock, when occasional sinusoidal occlusions with leucocytic 
masses are seen. 


IV. PHYSIOLOGICAL DEDUCTIONS 


From the above findings we believe the dominant factor pro- 
ducing increased resistance to blood flow through the liver 
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during canine peptone shock, is a suddenly increased sinusoidal 
permeability. This produces: (a) An explosive hepatic edema 
and parenchymatous swelling, increasing tissue pressure sufficient 
to cause passive sinusoidal vasoconstriction and passive hepatic 
venoconstriction; and (b) a sudden loss of plasma from the sinus- 
oidal blood, increasing local blood viscosity sufficient to cause 
temporary sinusoidal stasis and even stasis in the narrowed 
hepatic veins. A minor factor operative in increasing this 
resistance is, (c) sinusoidal narrowing from leucocytic deposits. 

The above factors, of course, may possibly be augmented by 
an active vasoconstriction. We have no experimental evidence, 
however, in support of this factor. 


V. SUMMARY 


1. The dominant factor increasing resistance to blood flow 
through the liver during canine peptone shock is a suddenly 
increased permeability of the sinusoidal endothelium. 

2. This produces an explosive hepatic edema accompanied 
by swelling of the parenchymatous cells, increasing local tissue 
pressure sufficient to cause passive sinusoidal vasoconstriction 
and passive constriction of the hepatic veins. 

3. The sudden loss of fluid from the sinusoidal blood increases 
local blood viscosity sufficient to cause temporary sinusoidal 
stasis, and even stasis in the narrowed hepatic veins. 

4, A minor factor contributing to this increased resistance, is 
sinusoidal narrowing from leucocytic deposits. 

5. We have no evidence thus far that active hepatic vaso- 
constriction is a factor in this reaction. 
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VI. HISTAMINE REACTIONS IN ISOLATED CANINE TISSUES 


W. H. MANWARING, R. E. MONACO anp H. D. MARINO 


From the Laboratory of Bacteriology and Experimental Pathology, Stanford 
University, California 


Received for publication February 2, 1923 


The sudden fall in arterial blood pressure, the characteristic 
feature of acute anaphylactic shock in dogs, is due to hepatic 
reactions (1). We believe these reactions consist in part at 
least in the sudden formation or liberation of hepatic products 
having histamine-like effects on the extra-hepatic blood vessels 
(2). Asa basis of comparison we have studied histamine reactions 
in various isolated canine tissues. The results thus far obtained 
will be presented under two headings: First, topographical dis- 
tribution of the histamine-reacting tissues in the animal body, 
and second, histamine reactions in blood-free perfusions of 
isolated organs. Defibrinated blood perfusions will be reported 
later. 


DISTRIBUTION OF HISTAMINE-REACTING TISSUES 


1. Intact dogs. Histamine shock in intact dogs is characterized 
by a sudden, pronounced fall in arterial blood pressure. This 
fall begins within ten seconds after commencing the histamine 
injection. In this feature histamine shock differs from anaphy- 
lactic shock, in which the fall in arterial pressure is always de- 
layed at least forty seconds. 

In histamine shock the blood pressure is reduced to about 40 
mm. Hg by the end of one minute, and then slowly sinks to a 
minimum of about 25 mm. Hg by the end of five minutes. The 
pressure then very slowly rises, reaching normal in from forty 
to ninety minutes, depending upon the histamine dose injected. 
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2. Dehepatized dogs. The dehepatization tests were made by 
the technic previously described (3). Intravenous injections 
of 1 to 3 mgm. of histamine per kilogram of body weight produce 
reactions in dehepatized dogs apparently identical with those 
in intact dogs. Recovery takes place as promptly and completely 
as in intact animals. 

The liver, therefore, is not an essential or dominant organ in 
the production of canine histamine shock, nor is it essential to 
histamine recovery. In this respect histamine shock differs from 
canine peptone shock, in which recovery does not take place in 
dehepatized dogs (8). 

3. Eviscerated dogs. The evisceration tests were made by the 
technic previously described (3). Reactions apparently identical 
with those in intact dogs are produced by intravenous injections 
of histamine into eviscerated dogs. Recovery is normal. In 
this respect, also, histamine shock differs from canine peptone 
shock, the severity of the peptone reaction being markedly re- 
duced in eviscerated dogs (3). 

4. Conclusion. We conclude from these tests that the essen- 
tial or dominant reacting tissues in canine histamine shock are 
either confined to the extra-hepatic and extra-intestinal parts, 
or as seems probable from isolation tests (see below) are fairly 
evenly distributed throughout the body as a whole. 


REACTIONS IN ISOLATED CANINE ORGANS 


Reactions in isolated organs were tested by the perfusion 
technic previously described (4). The following organs have 
thus far been studied: 

1. Hind quarters. Rapid decrease in perfusion resistance, 
increasing the rate of perfusion flow from 15 to 200 per cent 
depending upon the initial vascular tone (A, fig. 1). The reac- 
tion reaches its maximum in about two minutes. Marked edema 
of the hind quarters. 

2. Intestines. Gradual increase in perfusion resistance, re- 
ducing the rate of perfusion flow from 40 to 60 per cent, depend- 
ing upon the histamine dose used (B, fig. 1). The reaction reaches 
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its height in about five minutes. Marked peristaltic movements. 
Peritoneal transudation. Rapid filling of the intestinal lumen 
with fluid. 

3. Liver. Rapid increase in perfusion resistance, reducing the 
rate of perfusion flow from 10 to 90 per cent, depending upon the 
histamine dose used (C, fig. 1). The reaction reaches its height 
in about two minutes. Peritoneal transudation. 

4. Lungs. Rapid increase in perfusion resistance, reducing 
the rate of perfusion flow from 60 to 90 per cent, depending upon 
the histamine dose used (D, fig. 1). The reaction reaches its 


Fig. 1. Histamine Reactions 1n ISOLATED CANINE ORGANS 


Cross-hatched areas show perfusion flow per minute with Locke’s solution. 
Black areas show rate per minute (or half-minute) with Locke’s solution plus 
histamine. Composite picture in each case of two perfusions with 10 and 30 mgm. 
histamine respectively per 1000 cc. Locke’s solution, corresponding roughly to 
intravenous injections of 1 and 3 mgm. per kilogram of body weight. Stars show 
time of changing perfusion clamps. 

A = Hind-quarters: Perfusion pressure 80 to 100 mm. Hg. 

B = Intestines: Afferent perfusion pressure, 80 to 100 mm. Hg; efferent per- 
fusion pressure, 10 mm. Hg (normal portal pressure). 

C = Liver: Perfusion pressure, 18 mm. Hg (portal pressure during histamine 
shock). 

D = Lungs: Perfusion pressure, 25 mm. Hg. 
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height in about two minutes. During this reaction the lungs 
take on a rubber-like consistency. Incomplete pulmonary 
collapse with the escape of large amounts of frothy fluid from the 
trachea on releasing the tracheal clamp. Pleural transudation. 

5. Kidneys. Rapid increase in perfusion resistance, reduc- 
ing the rate of perfusion flow from 15 to 50 per cent, depending 
upon the histamine dose used. The reaction reaches its height 
in about three minutes. Peritoneal transudation. Increased 
urine formation. 

CONCLUSIONS 


We conclude from the above tests that the dominant factor 
producing the acute fall in arterial blood pressure in canine his- 
tamine shock is probably the suddenly increased permeability 
of the capillary endothelium. This conclusion is in line with 
the conclusion of Dale and Laidlaw (5). 

The distinct vaso-dilation observed in the isolated hind quar- 
ters, and the marked vaso-constriction in other parts of the body 
are in line with previous observations (6, 7). These reactions, 
however, would tend to neutralize each other, in their effects 
on arterial blood pressure. 

The probabilities are that the marked vaso-constriction ob- 
served in blood-free perfusions of the lungs, liver, kidneys and 
intestines, is due to the explosively increased tissue pressure 
from edema (8). 

SUMMARY 


1. The dominant reacting tissues in canine histamine shock 
are fairly evenly distributed throughout the body. 

2. The most striking reaction in blood-free perfusions of iso- 
lated canine tissues is the explosive edema of all organs thus far 
tested. 

3. Reactions of secondary importance are: (a) Marked decrease 
in perfusion resistance in the hind quarters, and (6) Marked 
increase in perfusion resistance in the lungs, liver, intestines and 
kidneys. 

4. We believe this increased perfusion resistance is largely 
due to increased tissue pressure from edema. 
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In 1912 Dean (1) showed that the relative proportion of anti- 
gen and antibody is of the greatest importance in both precipita- 
tion and complement fixation reactions. He showed, conclu- 
sively, that to determine quantitatively the antibody content 
of a serum or the antigen content of a serum or extract, it is 
necessary to titrate decreasing quantities of antiserum with 
decreasing amounts of antigen. 

The significance of this work does not seem to have been fully 
recognized although its practical bearing on any experiments 
dealing with precipitation or complement fixation tests is of the 
utmost importance. In fact, if the quantitative relation of 
antigen and antibody is not understood, especially in comple- 
ment fixation reactions, antibodies in a strong serum or antigen 
in a strong extract may be entirely missed, or the opposite may 
occur, that is, antibodies in a weak serum, or antigen in a weak 
extract, may be overlooked. 

The experiments reported in this paper were carried out in 
connection with a general study on the properties of substances 
derived from bacteria which have been more fully described in a 
preceding paper by Zinsser and Parker (2) and spoken of as the 
“residue” antigens. Although the experiments tabulated below 
are in principle entirely confirmatory of Dean’s work, it seemed 
important to us to develop them at some length, and to report 
them, both because of their bearing on the value of the “residue” 
antigens for serological purposes and because of their emphasis 
upon the importance of Dean’s observations. Since most of 
the observations on the zone phenomena were done with com- 
plement fixation reactions, we include this part of the work only 
in the present report. 
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The sera used were obtained from rabbits which had been 
immunized to pneumococcus I, the Rawling’s strain of typhoid 
bacilli, and with normal horse serum, respectively. The “‘Tesi- 
due’’ antigens employed were prepared according to the method 
described more fully in the paper referred to above by Zinsser 
and Parker. Since, as has been mentioned in the paper above 
referred to, the typhoid bacillus was one of the few from which 
it was difficult to obtain any considerable quantities of the 
“residue” material, the typhoid antigen used in experiments 2 
and 3 consisted of a filtered neutral salt solution extract of typhoid 
bacilli. The complement fixation reactions were carried out in 
the ordinary way with the rabbit anti-sheep hemolytic system 
and guinea-pig serum as complement. Two units of comple- 
ment were used unless otherwise noted. Since, as will appear in 
the text, the order in which the substances are run into the test 
tubes makes a considerable difference in results, the order in every 
case is the one given in the tables. 


Experiment 1 


PNEUMO- ANTI PNEUMO- = = 
Coccus COCCUS RABBIT COMPLEMENT FEE TE Pll gp) 2 eee 
RESIDUE SERUM 153 With 2 units With 4 units 
complement complement 
P55) 60805 0.05 2 or 4 units 3 +++ +++ 
2| 0.025 0.05 2 or 4 units 3 ++4++ | +4+4++ 
3 0.01 0.05 2 or 4 units 2p aRRPaar 0 
4| 0.005 0.05 2 or 4 units 5 ++++ 0 
3S 
oO 
BF li0.05 0.025 | 2 or 4 units = +4+4+4+ | +4+4+4+ 
6 0.025 0.025 2 or 4 units ee ++++ ++++ 
Z|. .0-01 0.025 2 or 4 units eG +4+4++ ++++ 
8} 0.005 0.025 | 2 or 4 units be apart + 
9 0.05 0.01 2 or 4 units SR aaa 0 
10 | 0.025 0.01 2 or 4 units =e +4+4+ + 
11| 0.01 0.01 2 or 4 units NS +444 / 444+ 
12} 0.005 0.01 2 or 4 units oe +++ | +4+4++ 
re 8 
13| 0.05 0.005 | 2 or 4 units eae 0 0 
14] 0.025 0.005 | 2 or 4 units see 0 0 
15! | “5001 0.005 | 2 or 4 units 38 settee 0 
16 0.005 0.005 Zier. 4 waits! irs ++++ + 
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In experiment 1, the tubes were set up in duplicate, the first 
series of tubes (A) with two units of complement; the second 
series (B), with four units of complement. Tubes 13 and 14, 
series A, and 9 and 10, series B, show the inhibition effect of an 
excess of antigen; tubes 3 and 4, series B, the inhibition effect of 
an excess of antibody. Under the conditions of this experiment, 
the optimal proportion of antigen and antiserum seems to have 
been approximately as 1:1. 0.005 ec. of antiserum and 0.005 
ee. of antigen fixed two units, but not four units of complement. 
Twice this amount of antigen and serum, that is 0.01 cc. fixed 
twice the amount of complement or four units, and most likely, 
if the experiment had been carried out, and the amount of 
complement fixed had not been interfered with, a possible forma- 
tion of a precipitate, 0.05 cc. of antigen and antibody, would 
have bound twenty units of complement. 


Experiment 2 


T eeeeeriee WITH ANTI- WITH ANTI- WITS 
antigen | 08M, OR |compLeMENT on i aaa | Medene 
esr erp SERUM 150 SERUM M SERUM 
ce 

1 0.2 0.05 2 units iS + +++ 0 

2 0.1 0.05 2 units oa 0 +4+4+ 0 

3 0.05 0.05 2 units 4 0 Ae abgat 0 
4 0.01 0.05 2units | f 0 as 0 

a4 

BY Os? 0.025 2Qunits | ¢ +4++ }++++ 0 

6 0.1 0.025 2 units ‘ 0 “lcetaataal= 0 

7 0.05 0.025 2 units = 0 +++ 0 

8 0.01 0.025 2 units | 8 0 0 0 

To} 

9 0.2 0.01 2 units iS ++++ 0 0 
10 0.1 0.01 2 units ‘a. | ++4++ =e 0 
11, |, 0:05 0.01 2units| 3° + 0 0 
12 0.01 0.01 2 units oo 0 0 0 
13 1.5 2 units 53 é 0 
14 0.05 2 units = 2 0 
15 0.05 2 units HE 0 
16 0.05 2 units 2s 0 
17 2 units i 0 | 
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Experiment 2 compares a weak and a strong antityphoid 
serum. It is evident from looking at experiment 2 that if 0.05 
ec. of the strong serum, 150, had been used in the ordinary way 
for quantitative determination of antigen, that is, constant 
amounts of serum with diminishing amounts of antigen, no 
antigen would have been demonstrated in the typhoid extract. 
From this it is clear that the strength of an antigen or antiserum 
cannot be ascertained without titrating falling amounts of anti 
serum with falling amounts of antigen. 


Experiment 3 


Onda Bune | COMPLEMENT) || aoe amanua 
cc. 
1 0.025 2 units 0.01 ') 0 
2 0.025 | 2units 0.05 bs = 
3 0.025 2 units 0.01 = eee 
4 0.025 2 units 0.005 2 +++ to +4++4++4+ 
5 0.025 2 units 0.001 = decfaefesh 
6 0.025 2 units 0.0005 & +4+4++ 
7 0.025 2 units 0.0001 3 So a a 
oD 
| eeoroper |) earanits |“) -ov1 2 0 
9 0.01 2 units 0.05 S 0) 
10 0.01 2 units 0.01 2 = 
fet: 0.01 2 units 0.005 = = 
12 0.01 2 units 0.001 3 ++4+ 
13 0.01 2 units 0.0005 ae eee 
14 0.01 2 units 0.0001 3 oe ee 
o 
15 0.005 | 2 units 0.1 ae 0 
16 0.005 2 units 0.05 aS 0 
17 0.005 2 units 0.01 - 0 
18 0.005 2 units 0.005 8 0 
19 0.005 2 units 0.001 io 0 
20 0.005 2 units 0.0005 iS 0 
21 0.005 2 units 0.0001 rb SFE i SL 
— 
22 0.025 | 2 units H 0 
23 2 units 0.1 ° 0 
24 2 units Ee, 0 


Experiment 3 demonstrates the delicacy of the complement 
fixation reaction if carried out under proper conditions. The 
rabbit antihorse serum was weak. It gave a good ring test only 
when the antigen was diluted 1:100. This experiment is in- 
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teresting in showing how small a quantity of antigen or antibody 
can be demonstrated ina serum. This point may have practical 
application in work on the presence of specific antibody in the 
serum of hypersensitive individuals. It is not impossible that 
the failure of most workers to demonstrate antibodies in the 
blood of hypersensitive persons by means of complement fixation 
reactions may be due to the fact that the amount of antigen 
used in the tests was too large to demonstrate the presence of 
very minute quantities of antibody. Experiment 3 shows that 
if 0.1 ec. of the serum of a hypersensitive person had the same 
antibody content as 0.005 cc. of the rabbit anti-horse serum, no 
fixation would have occurred unless 0.0001 cc. of normal horse 
serum had been used in the test. 


Experiment 4 


COMPLEMENT ADDED 
TY- RABBIT THREE MINUTES AFTER 
PHOID ANTI ANTIGEN AND ANTIBODY 

ANTI- | TYPHOID COREE EEN 


GEN | seRUM 150 


COMPLEMENT PUTIN 
TUBE FIRST 


2 units 4 units 2 units 4 units 
complement | complement | complement | complement 


oe 
1 | 0.5 0.05 Complement | +++-+ to See) eS 
teats aaah 
2) 0.1 0.05 Complement iF 0 +4+4++4+ /+4++4++ 
3 | 0.02 | 0.05 Complement 0 0 +++ 0 
4|0.5 0.025 | Complement | ++++ oe te ee +4+4++ | +444 
5 | 0.1 0.025 | Complement + 0 ++4++4+ | ++++ 
6 | 0.02 | 0.025 | Complement 0 0 Samaras 0 
7|0.5 | 0.01 | Complement | +++-+ | ++++ | ++4++4+ | +4+4++ 
8 | 0.1 0.01 Complement ++ 0 ftp | pp 
9 | 0.02] 0.01 Complement 0 0 Bee ieetmaks 0 
Sachs 
1ONO25 0.005 Complement to +++ / 444-4 | +444 
seat 
i a Pe 0.005 | Complement | ++++ ++ ft44+4+ |] 444+ 
anata 
12 | 0.02 | 0.005 | Complement 0 0 to 0 
Polate 


All controls negative. 
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A point which Dean emphasizes in his paper and which we 
also confirmed, was that in order to get the greatest fixation, the 
complement must be present when antigen and antibody come 
together. Experiment 4 demonstrates this point. 


CONCLUSIONS 


From the experiments cited above, the following conclusions 
may be formulated: 

1. They confirm definitely the observations of Dean on the 
great importance of the adjustment of proportionate amounts 
in determining antigen-antibody reactions. 

2. They demonstrate the practical point that astonishingly 
minute amounts of antibody or antigen may be demonstrated 
by complement fixation, provided the antigen, or, conversely, 
the antiserum used in the experiment is employed in a series of 
diminishing amounts, and, what is of still more practical impor- 
tance, it shows that unless this procedure is adopted, antigen or 
antibody which is actually present may be overlooked. This 
seems to us to have important bearing upon the search for antigen 
or antibody in conditions of hypersensitiveness in which negative 
findings are often used as the basis for far-reaching theoretical 
conclusions. 

3. The experiments further confirm the important bearing on 
results of the sequence in which the various components of the 
reaction are mixed in the test tubes, the strongest results in 
complement fixation being obtained of the complement is present 
from the beginning when antigen and antibody meet. 
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From histological findings previously reported (1), it is evident 
that there are marked changes in the size of the individual 
parenchymatous cells of the liver during canine peptone shock, 
and marked increases in the volume of the interstitial tissue 
fluids. We have tried to determine the physiological importance 
of these changes by estimating the resulting increase in net 
hepatic weight. 

To determine the net hepatic weight, the hepatic blood vessels 
were ligated, and the liver with adjacent portions of the diaphragm 
removed and weighed. The liver was then perfused with 3000 
ec. physiological saline, followed by 2000 ce. distilled water, 
and the amounts of blood thus removed determined by the 
hematocrite and colorimetrically. Finally the diaphragm, gall 
bladder and larger blood vessels were dissected off and weighed. 
The sum of these weights, together with the estimated weight 
of the recovered blood, subtracted from the gross hepatic weight, 
gives the estimated net hepatic weight. A typical example is 
given below: 


Weight of dog (composite picture) . 5 Soceesae lai stkome 
Gross hepatic weight (liver, foe eon, pnnlhy, etc.) . 426 grams 
Diaphragm, gall bladder, cannula, etc.......... 88 Garis 

Blood determined by the hematocrite.......... 62 ce. 

Blood determined colorometrically............ 6 ce. 156 grams 
INGO NEP AvICaWwele lithe eee nat Mises acl elSts ami eminee ane 270 grams 


Calculated net hepatic weight per kilogram of body weight. 18.9 grams 
229 
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The net hepatic weight thus determined has varied from 15.7 
grams to 20.3 grams in our series, an average of 18.9 grams per 
kilogram of body weight. We have excluded from the series 
all dogs showing gross pathological lesions. 

To determine the changes in net hepatic weight during pep- 
tone shock, the dogs were tested in pairs. The dogs of each 
pair were, so far as possible, dogs of the same age, same breed, 
and in the same nutritional condition. One dog of each pair 
was given an intravenous peptone injection, usually 1 gram per 
kilogram of body weight, about twelve minutes before the 
hepatic removal. Typical data are shown in table 1. 


TABLE 1 
Net hepatic weight during peptone shock 


CONTROL DOGS PEPTONE DOGS 
BREED ’ Per Per INCREASE 
Weight | Liver | kilo- | Weight! Liver | kilo- 
gram gram 


kgm. | grams | grams | kgm. | grams | grams per cent 


tbe 2) WSS eT) a a ee 11.3} 227 | 20.3 | 16.1 | 447 | 27.8 37 
PRION LCS circa: es eis inn Reere es 12.2 | 192 | 15.7 | 17.3 | 422 | 24.3 55 
Sepamdalesiey: a ci-ahysnisels. S22) 19ers 8900' 20:0) 1945 ie TSA so86 95 


The tests showed an increased net hepatic weight in all peptone 
shock dogs tested, the increase varying from 37 per cent to 
95 per cent, an average increase of 62 per cent in our series. The 
real increase was undoubtedly greater than this, on account of 
the error in blood determinations from sinusoidal stasis (1). 

The average increased net hepatic weight represents a with- 
drawal of 11.7 cc. plasma from the circulating blood, per kilogram 
of body weight. Assuming that a similar withdrawal takes place 
in other organs, the resulting decrease in blood volume must be 
an important factor in the production of the characteristic fall 
in arterial blood pressure. 

Attempts to determine the exact amount of the decrease in 
blood volume by following the variations in the circulating red 
blood corpuscle count during canine peptone shock are incon- 
clusive. ‘The circulating red corpuscle count is decreased about 
10 per cent during the first minute of peptone shock. The blood 
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count is restored to normal in about six minutes, and increased 
about 10 per cent above normal by the twelfth minute. An 
hepatic plasma withdrawal of 11.7 cc. per kilogram of body 
weight, would, in itself, if unaccompanied by other factors, in- 
crease the circulatory red blood corpuscle count about 20 per cent. 
One of the causes of this discrepancy is a reduction in the number 
of circulating red blood corpuscles by hepatic sinusoidal stasis. 


SUMMARY 


1. The net weight of the liver exclusive of the weight of the 
contained blood is increased as much as 95 per cent during the 
early stages of canine peptone shock. 


REFERENCE 


(1) Manwarine, W. H., Frencu, W. O. anp BRILL, SELLING: Mechanism of the 


increased hepatic resistance in canine peptone shock. Jour. Immunol., 
1923, 8, 211. 
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To find a tissue that would serve as a reliable reacting index for 
the serological analysis of anaphylactic phenomena in dogs, tests 
were made of anaphylactic reactions in the principal isolated 
canine organs. 

The dogs were sensitized by a subcutaneous injection of 0.3 to 
0.5 ec. horse serum per kilogram of body weight, followed two 
days later by an intravenous injection of the same dose. The 
isolation tests were made between the seventeenth and twenty- 
fourth day after the intravenous injection. During this period 
all control dogs thus far tested have given typical anaphylactic 
reactions on intravenous injection of horse serum, about a third 
of them reactions of the fatal type (1). The isolation tests were 
made by perfusion methods. The perfusion fluid was well- 
aerated Locke’s solution containing 0.04 to 2.5 per cent horse 
serum. ‘The perfusion technic was otherwise the same as that 
described in a previous paper (2). 


BLOOD-FREE PERFUSIONS OF ISOLATED ANAPHYLACTIC ORGANS 


Distinct anaphylactic phenomena have been demonstrated in 
all isolated canine organs thus far tested. The following parts 
have been studied: 

a. Lungs: Slight preliminary decrease in perfusion resistance, 
increasing the perfusion rate about 12 per cent (fig. 1). This is 
followed in from thirty to ninety seconds by a marked increase in 
perfusion resistance, reducing the perfusion flow fully 70 per 
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cent. With larger serum doses (A, fig. 1), this reduction reaches 
its maximum by the end of ninety seconds. With smaller 
serum doses (B, fig. 1), the maximum is not reached till the fourth 
to tenth minute. 

During the perfusion, the lungs take on a rubber-like consist- 
ency. On releasing the tracheal clamp, practically no pul- 
monary collapse takes place. A large amount of clear, frothy 
fluid now escapes from the trachea. If the perfusion is continued 
with the tracheal clamp removed, fluid continues to pour out of 
the trachea almost as rapidly as it escapes from the efferent 
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Fic. 1. REacTIONS In ISOLATED ANAPHYLACTIC LUNGS 


Cross-hatched areas show perfusion flow per minute with Locke’s solution. 
Black areas show rate per minute (or half-minute) with Locke’s solution plus 
horse serum. Stars (*) show time of changing the perfusion clamps. Tempera- 
ture, 38°C., perfusion pressure, 25 mm. Hg. 

A = Composite picture of three perfusions with 2.5, 1 and 0.5 per cent horse 
serum respectively. Control perfusions of normal lungs show no change in per- 
fusion rate within the limits of the experimental error. 

B = Composite picture of three perfusions with 0.25, 0.125 and 0.06 per cent 
horse serum respectively. 


On gross section, each large blood vessel of the lungs is seen to 
be partially collapsed and surrounded by an edematous zone. 
Whether or not the increased perfusion resistance is due to 
increased local tissue pressure from this perivascular edema, can- 
not be determined from our present data. A histological study 
of these reactions will be reported later. 

b. Intestines: Gradual increase in perfusion resistance reducing 
the rate of perfusion flow from 20 to 40 per cent by the end of 


bo 
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seven minutes, depending upon the serum concentration used 
(fig. 2). Marked peristaltic movements. Increased tone of the 
intestinal musculature. Distinct edema of the intestinal walls. 
Peritoneal transudation. Marked increase in the volume of the 
intestinal contents. 


irk 2 3 5 6 7 min. 


4 


Fig. 2. Reactions InN IsoLaTED ANAPHYLACTIC INTESTINES 


Afferent perfusion pressure, 80 mm. Hg; efferent perfusion pressure, 10 mm. Hg. 
C = Perfusion with 2.5 per cent horse serum. 
D = Composite picture of two perfusions with 0.5 and 0.25 per cent horse 


serum respectively. 
* 1 2 3 4 5 6 7 min. 


Fia. 3. Reactions In IsoLATED ANAPHYLACTIC LIVERS 


Perfusion pressure, 15 mm. Hg. 


E = Composite picture of three perfusions with 2.5, 1 and 0.5 per cent horse 
serum respectively. 


F = Composite picture of two perfusions with 0.25 and 0.125 per cent horse 
serum respectively. 


c. Liver: With the larger serum doses (BH, fig. 3), an increased 
perfusion resistance, reducing the rate of perfusion flow about 20 
per cent by the end of thirty seconds. With smaller serum doses 
(F, fig. 3), no demonstrable change in perfusion rate within the 
limits of the experimental error. Distinct hepatic edema. Peri- 
toneal transudation. 
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d. Hind quarters: On control perfusion of the hind quarters 
with Locke’s solution, the rate of perfusion flow usually increases 
rapidly during the first two minutes. After the second minute, 
the flow usually remains fairly constant till the end of the test. 
The maximum variation during the next seven minutes is usually 
not more than 5 per cent. 

On perfusing anaphylactic hind quarters, two types of reaction 
have been obtained. Type 1 (G, fig. 4): A decreased perfusion 
resistance increasing the perfusion rate about 12 per cent by the 
end of three minutes. No demonstrable edema except a slight 
edema of the genitalia. Type 2 (H, fig. 4): A rapid increase in 
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Fic. 4. Reactions In ISOLATED ANAPHYLACTIC HIND QUARTERS 


2 


Perfusion pressure, 80 mm. Hg. 

G = Composite picture of two perfusions with 2.5 per cent horse serum. 

H = Composite picture of two perfusions with 0.5 and 0.25 per cent horse 
serum respectively. 


perfusion resistance, decreasing the perfusion flow about 10 
per cent in from thirty to ninety seconds. Pronounced edema 
of the hind quarters, particularly of the foot and genitalia. 

It is believed that the differences between these two types are 
merely quantitative, depending upon differences in serum con- 
centration and degree of sensitization. Our data, however, are 
insufficient to establish this fact. 


COMPARISON WITH HISTAMINE REACTIONS 


The above anaphylactic reactions differ quantitatively and 
in some cases qualitatively from the histamine reactions pre- 
viously reported (3). For example, the anaphylactic edema 
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and vasoconstriction in the lungs are much more pronounced 
than the corresponding histamine vasoconstriction and edema. 
An initial vasodilation was not observed in our histamine tests. 

The intestinal reactions are approximately equal in the two 
cases. 

The anaphylactic reactions in the liver are much less pro- 
nounced than the corresponding histamine reactions. 

The histamine reactions in the hind quarters are a marked 
vasodilation with very pronounced edema. ‘These reactions are 
uniformly more marked than the slight vasodilation and edema in 
anaphylaxis. Vasoconstriction of the hind quarters was not 
observed in our histamine tests. 


PHYSIOLOGICAL DEDUCTIONS 


We conclude from the above observations that one of the 
important factors in canine anaphylaxis is an increased specific 
permeability (susceptibility to specific injury) of the capillary 
endothelium (4). The capillary endothelium of different parts 
of the body apparently differs widely in this acquired hyper- 
permeability. The endothelium of the hind quarters shows the 
least change from the normal. The hepatic and intestinal endo- 
thelium occupy an intermediate position. The pulmonary endo- 
thelium shows the most marked alterations. 

The vasoconstriction in the different parts of the body varies 
roughly with the severity of the edema. We believe, therefore, 
the vasoconstriction is possibly secondary to increased tissue 
pressure from edema. 

Histamine reactions in blood free perfusions of isolated organs 
differ from histamine reactions in defibrinated blood perfusions 
(5, 6). No attempt will therefore be made to draw conclusions 
from the above anaphylactic tests as to the probable mechanism 
of anaphylactic shock in intact dogs. Defibrinated blood per- 
fusions will be reported later. 


CONCLUSIONS 


From these tests it would appear that the only isolated canine 
organs giving anaphylactic reactions sufficiently pronounced to 
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be used in the serological analysis of anaphylactic phenomena in 
dogs are the isolated lungs. Serological analyses by means of 
the isolated lungs will be reported later. 


SUMMARY 


1. The isolated organs of horse serum sensitized dogs, per- 
fused with Locke’s solution containing 0.04 to 2.5 per cent horse 
serum, give the following reactions: 

a. Lungs: Slight preliminary vasodilation, followed by a pro- 
nounced vasoconstriction. Marked edema. 

b. Intestines: Distinct vasoconstriction. Marked edema. 

c. Liver: Slight vasoconstriction. Slight edema. 

d. Hind Quarters: Hither: (1) slight vasodilation without edema 
or (2) slight vasoconstriction with marked edema. 

2. The vasoconstriction in these organs may possibly be 
secondary to increased tissue pressure from edema. If so, 
increased specific capillary permeability must be looked upon as 
the dominant underlying physiological factor in these reactions. 
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INTRODUCTION 


One of the outstanding contributions of recent years to the 
study of the chemistry and physics of the proteins is the demon- 
stration that the reactions of these substances with electrolytes 
are capable of stoichiometrical analysis. The work of Jacques 
Loeb and his collaborators, in this country, and of Sorenson and 
many others has gone far in removing some of these reactions 
from the fields of more empirical colloid chemistry into the realms 
of classical chemistry. They have indicated certain important 
possibilities in the quantitation of the dynamics of systems 
containing proteins. It is not possible, nor is it desirable, to 
review this work here. It is perhaps sufficient to refer to the 
original papers by Loeb and others in the Journal of General 
Physiology (1918, to date) and to the concise summary in the 
recent monograph by Loeb (1922) and to the review by Bancroft 
(1922). The significance of these contributions in the fields of 
bacterial physiology have already been reviewed by one of us 
(Falk, 1923) and have been subjected to experimental applica- 
tion by Winslow and Falk (1923, 1923). It is our purpose here 
merely to review a few outstanding facts which are essential to 


1 The studies reported here were aided by a grant from the Loomis Research 
Fund of the Yale School of Medicine. 

* Preliminary reports of this work have been presented before the Society of 
American Bacteriologists (Abstr. Bact., January, 1923) and the Society for 
Experimental Biology and Medicine, Proceedings for January 17, 1923. 
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the understanding of the hypotheses upon which the work 
reported here was developed. 

It is quite clearly established that when proteins are dissolved 
in water (using the term ‘‘dissolved”’ to apply to true solution, 
colloidal suspension and all the intermediate stages between the 
two which are known to occur with little or no discontinuity) 
they are electrically charged in the same sense in which ions are 
electrically charged. It is also established that by appropriately 
modifying the hydrogen-ion concentration of protein solutions 
the electrical charge on the protein can be modified qualitatively 
as well as quantitatively and an electro-positively charged 
protein can be converted into an electro-negatively charged pro- 
tein and vice versa. By appropriate addition of acid or alkali, 
the protein can be obtained in the intermediate condition in 
which it is without electrical charge. When the protein is 
without electrical charge it is said to be zso-electric with the solvent 
and the hydrogen-ion concentration of the solution is referred to 
as the iso-electric point. For detailed discussion of these physico- 
chemical characteristics of proteins, we must refer to Loeb 
(1922) and to the bibliography which he has compiled. The 
recent contribution of Thomas and Kelly (1922) may be consulted 
for a table of the iso-electric points of some proteins. The 
evidence that such properties of protein solutions as osmotic 
pressure, swelling power, viscosity, power to combine with 
ions, electrostatic charges, etc., are functions of the hydrogen- 
ion concentration of the solutions cannot be doubted. Acquain- 
tance with these recent contributions led us to raise the following 
questions. Does change of the hydrogen-ion concentration modify 
the antigenic characteristics of the protein at the same time 
that it produces effects upon their physico-chemical properties? 
Are any changes which occur merely quantitative changes in 
antigenic potency, or are they qualitative as well? 

It is perhaps pertinent to mention here that the physico- 
chemical properties of proteins may be very markedly affected 
within ranges of hydrogen-ion concentration which are without 
important hydrolytic effects upon the protein molecules and that 
such changes in the protein are reversible. In other words, 
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when studying the effect of pH of the solution upon the antigenic 
properties of a protein we are probably studying the relation of 
the pH to the properties of the protein and not to the properties 
of its cleavage products. Some evidence to prove that this is the 
case will be brought out later in this paper. The acid and alka- 
line solutions of protein used in these experiments have exceed- 
ingly low hydrogen and hydroxy] ion concentrations, are held at 
low temperatures and for short periods of time. It is, however, 
a distinct possibility—indeed a probability—that a certain 
amount (undoubtedly exceedingly minute) of hydrolysis and 
tautomerism occurs in the solute. Whether it is to reversible or 
to irreversible changes produced in the protein molecule to 
which we must ascribe the pH effects noted is beyond the scope 
of this work. ae 


EXPERIMENTS ON ACTIVE ANAPHYLAXIS 


Gelatin 


In our first experiments we chose the anaphylactogenic proper- 
ties of proteins for the study of pH effects, because the well 
known specificity of the reaction offered a means of measuring 
qualitative as well as quantitative changes. Our first studies 
were made with powdered gelatin. Although the anaphylacto- 
genic properties of this protein have been questioned (Wells, 
1920, 1921) we chose it because most of the physico-chemical 
work of Loeb was done with gelatin and because we considered 
it possible that the discrepancies in the literature concerning 
its antigenic potency might be due to differences in the acidity of 
gelatin solutions used by different investigators. We failed to 
produce anaphylaxis in guinea pigs with sensitizing and intoxicat- 
ing doses of gelatin up to 0.05 gram introduced intravenously or 
intraperitoneally in solutions at its iso-electric point (pH = 
4.7) and in more acid and in more alkaline solutions. 


Ovalbumin 


Our next series of experiments on active anaphylaxis were 
conducted with crystallized hen ovalbumin prepared by the 
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method of Plimmer (1915). Preparations of the protein were 
recrystallized several times and were dialyzed against running 
tap water for two or three weeks and against repeated changes of 
distilled water during two or three days. Therefore we felt 
reasonably certain that we were working with an isolated protein 
of animal origin in a reasonably pure state. It is important to 
note that we took every precaution in the preparation of the pro- 
tein and of its solutions to avoid even the barest possibilities of 
contamination with foreign proteins. All glassware (beakers, 
flasks, stirring rods, pipettes, etc.) used was either new or was 
carefully washed with soap and water, hot potassium dichromate- 
sulfuric acid cleaning fluid, tap water and distilled water and 
whenever possible soaked in the cleaning fluid for at least twenty- 
four hours before used. ‘The distilled water used in these experi- 
ments was prepared by careful distillation in a Barnstead Still, 
was usually free from ammonia and had pH values in the range 
5.6 to 6.3. 

Ovalbumin solutions were prepared by weighing out the 
necessary quantity of protein and dissolving in the appropriate 
volume of distilled water. By this method we obtain what is 
customarily referred to as a neutral solution of the protein. As 
a matter of fact, if the concentration of protein is not very low 
(i.e., not less than about 5 mgm. per cubic centimeter), the 
solution is not neutral, but has the pH of 4.8 + 0.1 and is really 
a solution of the protein at its isoelectric point. To prepare 
ovalbumin solutions at specific hydrogen-ion concentrations two 
methods have been used in this laboratory, both of which are 
simple and give results whose accuracy satisfied the requirements 
of these experiments. If the protein (in each of the concentra- 
tions which is to be utilized) is once titrated with acid and with 
alkali and the curve of pH against acid and alkali additions 
plotted (the so-called ‘‘titration curve’) any desired pH may be 
obtained in a similar protein solution by interpolating on the 
graph and adding the appropriate quantity of acid or alkali to 
give the desired pH. The other method used was to add to 10 
cc. portions of the ovalbumin solution in water the appropriate 
indicator of the Clark and Lubs series (in most of our work this 
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was thymol blue, acid and alkaline ranges) and to titrate to the 
desired pH with NaOH (n/20 or n/100) and HCl (n/5) solutions 
and then add the appropriate quantity of N/5 acid or alkali to a 
fraction of the original aqueous solution of protein in water. 

In preliminary experiments we used the intravenous as well 
as intraperitoneal route for inoculation. Because the results 
obtained by the two methods were nowise significantly different 
and for reasons of manipulative convenience the intraperitoneal 
route was used in all the later experiments reported here. With 
a sensitizing dose of 0.005 gram, a sensitizing period of fourteen 
or more days and an intoxicating dose of 0.050 gram we obtained 
anaphylaxis in the guinea-pig uniformly. In our judgment of 
the signs of acute anaphylaxis we have followed Coca (1920). 
Of the seven criteria laid down by Wells (1921) we have followed 
all but the fourth (reaction of isolated virgin uterus strip) 
and fifth (amelioration of bronchial spasm with atropin and 
epinephrin). 

In tables 1, 2 and 3 we have reproduced the data from our 
experiments 9, 10 and 11. We chose pH = 2.0 to 2.5 as suffi- 
ciently hyperacidic with respect to the iso-electric point of 
ovalbumin (pH = 4.8) to represent protein which—in the nomen- 
clature of Loeb—was in the form of Ovalbumint, C1l-; and 
pH = 9.0 to 10.0 as sufficiently hypo-acidie to represent protein 
in the form of Na+, Ovalbumin-. In all cases the sensitizing 
and intoxicating doses were contained in 1 ce. of solution. The 
reactions of the animals to the acid and alkali contained in the 
protein solutions were exceedingly mild as judged by the differ- 
ences in the reactions of the various groups at the time of 
sensitization. 

The data in tables 1, 2 and 3 indicate first that the sensitiza- 
tion produced in the guinea pig by the protein in solutions of pH 
2.0 to 2.5, 4.8 and 9.0 to 10.0 is evidenced by anaphylactic 
reactions whose characteristics are not appreciably modified by 
the pH of the solution used for intoxication. Second, the data 
indicate clearly that the more acidic the sensitizing solution the 
more acute and the more often fatal the anaphylactic response, 
regardless of the pH of the intoxicating solution. This is evi- 
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Experiment 9. Active anaphylaxis in guinea-pigs 


Sensitizing dose: 0.005 gram of ovalbumin 
Intoxicating dose: 0.50 gram of ovalbumin 
Interval between sensitization and intoxication: sixteen days. 
Isoelectric point for ovalbumin: pH = 4.7 
Acid solution of ovalbumin, pH = 2.0 
Unadjusted solution of ovalbumin, pH = 4.8 
Alkaline solution of ovalbumin, pH = 10.0 


| 
NUMBER} 


Protein in 
Acid solution 


x Acid solution 


SENSITIZATION 


Alkaline solution 
Alkaline solution 


1 
2 
S Alkaline solution 
4 
5 


INTOXICATION 


Protein in 
Alkaline solution 
Alkaline solution 
Acid solution 
Acid solution 
Acid solution 


RESULTS 


Fatal, acute, anaphylaxis 
Fatal, acute, anaphylaxis 
Acute anaphylaxis 
Acute anaphylaxis 
Acute anaphylaxis 


* The third animal of this series was lost from a pneumonic infection during the 


sensitizing period of incubation. 


TABLE 2 


Experiment 10. Active anaphylaxis in guinea-pigs 


Sensitizing dose: 0.005 gram of ovalbumin 
Intoxicating dose: 0.05 gram of ovalbumin 
Interval between sensitization and intoxication: fourteen days 


SENSITIZATION 


Protein in: 


1 Acid solution 
2 Acid solution 


Acid solution 

Alkaline solution 
Alkaline solution 
Alkaline solution 


om Cre Ww 


pH 


2.0 


2.0 
10.0 


10.0 


2.0} 


10.0) 


INTOXICATION 
Protein in: 
Alkaline solution 


Alkaline solution 


Alkaline solution 
Acid solution 
Acid solution 
Acid solution 


RESULTS 

pH 

10.0} Fatal, acute, anaphy- 
laxis 

10.0) Fatal, acute, anaphy- 
laxis 

10.0) Acute anaphylaxis 

2.0; Mild anaphylaxis 

2.0) Mild anaphylaxis 

2.0) Mild anaphylaxis 


Acute anaphylaxis: Includes both paralytic and respiratory reactions. 
Mild anaphylaxis: Paralytic reaction with no or slight respiratory reaction. 
Solutions incubated one hour after adjustment of pH and before inoculations. 


—s ee 
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Experiment 11. 


TABLE 3 


Sensitizing dose: 0.005 gram of ovalbumin 
Intoxicating dose: 0.05 gram of ovalbumin 
Interval between sensitization and intoxication: sixteen days 
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Active anaphylaxis in guinea-pigs 


SENSITIZATION 


Protein in: 


INTOXICATION 


Protein in: 


14 
15 
16 


Acid solution 
Acid solution 


Acid solution 
Acid solution 
Acid solution 
Acid solution 
Unadjusted  solu- 
tion 
Unadjusted 
tion 
Unadjusted 
tion 
Unadjusted 
tion 
Unadjusted 
tion 
Alkaline solution 
Alkaline solution 


solu- 


solu- 


solu- 


solu- 


Alkaline solution 


Alkaline solution 
Alkaline solution 


oan) 
9.0 


Alkaline solution 


9.0 


Alkaline solution |9.0 

Unadjusted solu- |4.8 
tion 

Unadjusted solu- /4.8 
tion 

Acid solution 2E5 

Acid solution Dee 

Alkaline solution |9.0 


Alkaline solution 

Unadjusted  solu- 
tion 

Acid solution 


Acid solution 


Alkaline solution 

Unadjusted  solu- 
tion 

Unadjusted solu- 
tion 

Acid solution 

Acid solution 


2.5 


2.5 
2.5 


RESULTS 


Acute anaphylaxis 


Fatal, acute anaphy- 
laxis 

Fatal, acute anaphy- 
laxis 

Fatal, acute anaphy- 
laxis 

Fatal, acute anaphy- 
laxis 

Fatal, acute anaphy- 
laxis 

Acute anaphylaxis 


Fatal, acute anaphy- 
laxis 

Mild anaphylaxis 

Mild anaphylaxis 

Mild anaphylaxis 


Mild anaphylaxis 
Mild anaphylaxis 


No anaphylaxis 


Mild anaphylaxis 
Mild anaphylaxis 


Acute anaphylaxis: Paralytic and respiratory reactions. 

Mild anaphylaxis: Paralytic with no or slight respiratory reaction. 

Solutions incubated one hour at 20°C. after adjustment of pH and before 
inoculations. 


dence of one kind which indicates either that the effect of the 
pH upon the protein is not to break it down into protein cleavage 
products of different sensitizing potency or specificity, or that 
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hydrolytic or tautomeric changes which might render the protein 
non-antigenic are not very extensive. In a few control experi- 
ments we have, from time to time,’ prepared our acidic sensitizing 
solution from protein which had first been held for an hour at the 
alkaline pH. The responses elicited in the guinea pigs were 
similar to those consistently obtained with the acidulated pro- 
tein solutions. It therefore appeared to us probable that the 
milder sensitizing potency of ovalbumin in alkaline solution is 
not to be attributed to the irreversible denaturing of the protein by 
the OH-ions although such evidence is not conclusive. For 
controls, guinea pigs which received 1 ec. of water adjusted to 
2.0 to 2.5, 4.8 and 9.0 to 10.0 were held along with the ovalbumin- 
sensitized pigs and received the same intoxicating doses of 
ovalbumin in unadjusted acidic and alkaline solutions. We 
never elicited an anaphylactic response in these controls nor in 
others which received the sensitizing doses of ovalbumin and 
were “‘intoxicated’’ with the solutions lacking the protein. 

That the effect of the acid and alkali is upon the protein and 
not upon the animal was indicated by data of two sorts. We 
had found, empirically, that to obtain such consistent results as 
are indicated in tables 1, 2 and 3 it was essential to hold the pro- 
tein solutions at room or ice-chest temperature for at least one- 
half hour. Apparently there is a time factor of considerable 
importance concerned in the process of converting the protein 
antigen from equilibrium with one pH to equilibrium with 
another. Also we found that guinea-pigs which received sensitiz- 
ing inoculations of ovalbumin in unadjusted solutions (pH = 4.8) 
and fifteen to thirty minutes later inoculations of acid or alkali 
equivalent to the quantity contained in the acidic or alkaline 
protein solutions gave—after a suitable incubation period and 
inoculation with protein solutions—anaphylactic responses simi- 
lar to those elicited in guinea-pigs sensitized with unadjusted 
solutions of the protein. We therefore consider it justifiable to 
hold that the increased anaphylactogenic potency of acidulated 
ovalbumin solutions which is evidenced in these experiments is 
attributable to the effect of hydrogen-ion concentration upon the 
antigen and not upon the animal. Evidence that it is not directly 
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attributable to change in solubility of antigen with a shift in 
pH will be discussed below. 

The data presented above do not show any important modifica- 
tion of intoxicating potency with changes in pH. We have some 
evidence—too fragmentary to report here—that such modification 
does occur under certain conditions. This phase of the problem 
is being studied more carefully now, with particular reference to 
its possible applications in the practice of serum therapy. 

In tables 2 and 3 we have indicated that in acute anaphylaxis 
(fatal or non-fatal) we have observed all the classical signs of 
the reaction. In the reactions which we have designated as 
mild anaphylaxis, there were no or only very slight signs of the 
respiratory reaction, the ‘air hunger,’’—one of the outstanding 
characteristics of acute anaphylaxis. In these mild anaphylactic 
responses the paralytic reactions, especially of the animal’s 
hind quarters, were entirely typical. It is not clear to us whether 
the difference between these two types of anaphylactic responses 
are merely quantitative or not. This problem is being studied 
in our laboratories. 


EXPERIMENTS ON PASSIVE ANAPHYLAXIS 
Ovalbumin 


It is well known that the variations in antibody response which 
may occur in different animals which have been given equal 
doses of antigen may be considerable. In animals which have 
been actively hypersensitized it is held that these variations may 
be magnified by differences in cellular absorption of antibody in 
addition to differences in total antibody response. Therefore, 
upon the advice of Prof. G. H. Smith, we repeated our ovalbumin 
experiments by the method of passive anaphylaxis thus making 
it reasonably certain that each guinea-pig received the same quan- 
tity of antibody. We sensitized a series of rabbits to ovalbumin 
by intraperitoneal inoculations of 5 ec. of water containing 0.125 
gram of the protein. For one group of rabbits the solution had 
been adjusted to pH = 2.5, for a second group to pH = 9.5 
and for the third group was unadjusted (pH = 4.8). The solu- 
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tions were held in the ice chest for four hours after the adjust- 
ments of pH. Immediately before each set of inoculations, the 
pH of each ovalbumin solution was measured again. They were 
found to be of the stated values. All the usual precautions were 
taken to insure the chemical cleanliness as well as the sterility of 
glassware, syringes, etc. The batch or protein used in these 
experiments was the same as that used in the experiments reported 
in tables 1, 2 and 3. Twenty-two days after they received these 
sensitizing inoculations of protein the rabbits were bled from 
the marginal ear veins. The blood was caught in carefully 
cleaned sterile centrifuge tubes, held in the ice chest until clotting 
had occurred; the clots were broken with clean glass rods; the 
tubes were held in the ice chest over night and centrifugalized 
next morning. The sera were separated and were used directly 
for inoculation into guinea-pigs that had not been used before for 
any experimental purpose. As indicated in table 4, for the first 
three groups of guinea-pigs, three rabbit sera were used, 1 cc. of a 
particular serum being inoculated intraperitoneally into each of 
the three pigs in a group. A fourth group of three guinea-pigs 
(animals 10, 11 and 12) served as a control and each animal 
in this group received 1 cc. of serum froma rabbit that had never 
been given ovalbumin. These guinea-pigs showed no reactions 
to the serum inoculations. Twenty-four hours later all the 
guinea-pigs were given intraperitoneal inoculations of 0.05 
gram of ovalbumin contained in 1 cc. of water (unadjusted, 
acidulated and alkalinized; pH = 4.8, 2.5 and 9.5, respectively). 
The results are shown in the last column of table 4. In table 
5 is shown an entirely similar set of data, the guinea-pigs having 
been sensitized with sera from the same rabbits used im experi- 
ment 12, table 4. The only differences are that the sera for 
experiment 15, table 5 were obtained by bleeding the rabbits 
from the heart on the twenty-sixth day after sensitization and 
that 1.5 cc. (instead of 1 cc.) of serum was inoculated into each 
guinea-pig. The intoxicating doses were 0.05 gram of protein as 
in the previous experiments. 

Although all the guinea-pigs survived experiments 12 and 15, 
the differences in the acuteness of the anaphylactic response were 
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clear. The indications are that under the conditions of these 
experiments the sera of rabbits sensitized with ovalbumin are 
more effective in passively sensitizing guinea-pigs the more acidic 
the sensitizing solution introduced into the rabbits, and that the 
pH of the intoxicating solutions does not affect the acuteness of 


TABLE 4 
Experiment 12. Passive anaphylaxis in guinea-pigs 


Sensitization of rabbits: 0.125 gram ovalbumin 

Sensitization of guinea-pigs: 1 cc. of rabbit serum twenty-two days after 
sensitization. 

Intoxication of guinea-pigs: 0.05 gram ovalbumin. 


SENSITIZATION WITH SERA INTOXICATION 


oS FROM RABBITS RESULTS 
Protein in: pH Protein in: pH 
1 Acid solution 2.5) Acid solution 2.5} Acute anaphylaxis 
2 Acid solution 2.5| Unadjusted solu- |4.8} Acute anaphylaxis 
tion 
3 Acid solution 2.5) Alkaline solution (9.5) Acute anaphylaxis 
+ Unadjusted solution |4.8} Acid solution 2.5) Anaphylaxis 


5 Unadjusted solution |4.8) Unadjusted solu- /4.8) Anaphylaxis 


6 Unadjusted solution /4.8} Alkaline solution |9.5| Anaphylaxis 
7 Alkaline solution 9.5) Acid solution 2.5) Mild anaphylaxis 
9.5 4.8 


8 | Alkaline solution Unadjusted  solu- Mild anaphylaxis 
tion 
9 Alkaline solution 9.5) Alkaline solution |9.5) Mild anaphylaxis 
10 (No protein) Acid solution 2.5| No anaphylaxis 
11 (No protein) Unadjusted solu- |4.8) No anaphylaxis 
tion 
12 (No protein) Alkaline solution |9.5| No anaphylaxis 


Acute anaphylaxis: Paralytic and respiratory reactions. 

Anaphylaxis: Mild paralytic and respiratory reactions. 

Mild anaphylaxis: Paralytic with no or slight respiratory reactions. 

Solutions incubated four hours after adjustment of pH and before inoculations. 


the specific response elicited in the passively sensitized guinea- 
pigs. Also, because of the continuity in the relative mildness of 
the reaction with increasing alkalinity of the sensitizing protein, 
it appears that the essential difference between the acute anaphy- 
laxis and the mild anaphylaxis (absence or mildness of the “air 
hunger’’) are quantitative rather than qualitative. 
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Edestin 


In parallel with the experiments on passive anaphylaxis with 
ovalbumin, we conducted experiments with the hemp seed globu- 


lin, edestin. 


TABLE 5 


We chose this protein to confirm our findings upon 


Experiment 15. Passive anaphylaxis in guinea-pigs 


Sensitization of rabbits: 0.125 gram ovalbumin 
Sensitization of guinea-pigs: 1.5 cc. of rabbit serum twenty-six days after 

sensitization. 
Intoxication of guinea-pigs: 0.05 gram ovalbumin. 


ee the See le INTOXICATION 
BER RESULTS 
Protein in: pH Protein in: pH 
1 | Acid solution 2.5) Acid solution 2.5, Acute anaphylaxis 
2 | Acid soution 2.5| Unadjusted solu- | 4.8) Acute anaphylaxis 
tion 
3 | Acid solution 2.5) Alkaline solution |10.0; Acute anaphylaxis 
4 | Unadjusted solution | 4.8) Acid solution 2.5) Mild anaphylaxis 
5 | Unadjusted solution | 4.8) Unadjusted solu- | 4.8) Mild anaphylaxis 
tion 
6 | Unadjusted solution | 4.8) Alkaline solution |10.0; Mild anaphylaxis 
7 Alkaline solution 10.0} Acid solution 2.5) Mild anaphylaxis 
8 | Alkaline solution 10.0, Unadjusted solu- | 4.8) Mild anaphylaxis 
tion 
9 | Alkaline solution 10.0| Alkaline solution |10.0| Mild anaphylaxis 
10 No protein Acid solution 2.5) No anaphylaxis 
11 No protein Unadjusted solu- | 4.8) No anaphylaxis 
tion , 
12 | No protein Alkaline solution 10.0 No anaphylaxis 


Acute anaphylaxis: Paralytic and respiratory reactions. 


Mild anaphylaxis: Paralytie with no or slight respiratory reaction. 
Solutions incubated two hours at room temperature after adjustment of pH and 
before inoculations. 


ovalbumin because like ovalbumin it is known to be an effective 
anaphylactogen, because it can be crystallized and obtained in 
reasonably pure state and because it differs from ovalbumin in 
being a globulin instead of an albumin, and is of plant instead of 
animal origin. Also, its iso-electric point is much closer to the 
neutral point of water than is that of ovalbumin. Its iso-electric 
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point is stated by Rona and Michaelis (1910) to be 1.3 x 107-7, 
i.e., pH = 6.9, and by Hitchcock (1922) to lie between pH = 
Rand pi, = 6.0: 

The edestin used in these experiments was prepared from 
hemp seed by the method which is based upon the fact that 
edestin is readily soluble in 5 per cent NaCl solution at 60°C. 
and is insoluble in this reagent at lower temperatures. Ground 
hemp seed was extracted at 60°C. for one-half hour with 5 
per cent NaCl solution. The extract was strained through 
cheesecloth and filtered through paper. The filtrate was diluted 
with water as far as possible without precipitating the globulin 
(at 60°C.). The solution was then permitted to cool very slowly. 
The crystals of edestin separated out. They were filtered off 
after the solution had been cooled to 5°C., were washed with 
cold 3 per cent NaCl solution, resuspended in distilled water and 
dialysed against running tap water until free from NaCl. The 
crystals were then filtered off, washed with repeated changes of 
distilled water, then with alcohol and ether and were dried in a 
desiccator. The preparation was tested for its usual protein 
reactions and its solubilities and was considered to be a sufficiently 
pure preparation of edestin. Its iso-electric point appeared to be 
at about pH = 6.5. 

For sensitizing the rabbits, a solution of edestin was prepared by 
saturating a 5 per cent NaCl solution at 60°C., filtering through 
paper, heating the filtrate to 61°C. and washing over the edestin 
residue on the filter paper three times. The edestin concentra- 
tion was 0.007 gram per cubic centimeter. The pH of the 
solution was 6.0. Adjustments of pH to the values stated in 
tables 6 and 7 were made with HCl and NaOH by the second of 
the two methods described above for ovalbumin. The solutions 
were held in the ice chest after pH adjustment until the time of 
inoculations. The pH of each solution was read again imme- 
diately before the inoculations and was found in each case to 
have the stated value. The edestin solutions used for intoxicat- 
ing the guinea-pigs were prepared by the same method. When 
an edestin solution of this kind cools below 60°C. it becomes 
turbid. This turbidity is converted into a compact, fibrous 
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precipitate when the solution is adjusted to pH 2.5 to 3.0 with 
HCl and dissolves when the solution is adjusted to 10.0 with 
NaOH. As stated in the tables, 2 cc. (0.014 gram) of the edestin 
solutions were used for sensitization of the rabbits. In experi- 


TABLE 6 
Experiment 13. Passive anaphylaxis in guinea-pigs 


Sensitization of rabbits: 2 ec. of 5 per cent NaCl solution containing 0.014 
gram edestin 

Sensitization of guinea-pigs: 1 cc. of rabbit serum twenty-three days after 
sensitization 

Intoxication of guinea-pigs: 1 ec. doses of the standard edestin solution (1 cc. 
= 0.007 gram edestin 


SENSITIZATION WITH SERA 


ping FROM RABBITS Oe Oe RESULTS 
Protein in: pH Protein in: pH 
1 | Acid solution 3.0) Acid solution 3.0| Mild anaphylaxis 
2 | Acid solution 3.0) Unadjusted solu- | 6.2; Mild anaphylaxis 
tion 
3 | Acid solution 3.0; Alkaline solution |10.0 Mild anaphylaxis 
4 | Unadjusted solution | 6.2} Acid solution 3.0) Anaphylaxis 
5 | Unadjusted solution | 6.2) Unadjusted solu- | 6.2) No anaphylaxis 
tion 
6 | Unadjusted solution | 6.2} Alkaline solution |10.0) Mild anaphylaxis 
7 | Alkaline solution ~— {10.0} Acid solution 3.0) No anaphylaxis 
8 | Alkaline solution 10.0} Unadjusted solu- | 6.2; No anaphylaxis 
tion 
9 | Alkaline solution 10.0} Alkaline solution |10.0) No anaphylaxis 
10 (No protein) | Acid solution 3.0) No anaphylaxis 
11 (No protein) | Unadjusted solu- | 6.2) No anaphylaxis 
tion 
12 (No protein) Alkaline solution |10.0) No anaphylaxis 


Anaphylaxis: Mild paralytic and respiratory reactions 

Mild anaphylaxis: Paralytic with no or slight respiratory reactions 

Standard edestin solution made by saturating a 5 per cent NaCl solution with 
edestin at 60°C. Solutions incubated two hours after adjustment of pH and 
before inoculations. . 


ment 13 (table 6) the rabbits were bled from the marginal ear 
veins twenty-two days after sensitization and in experiment 
14 (table 7) the same rabbits were bled from the heart twenty- 
six days after sensitization. In experiment 13, 1 cc. of each 
rabbit serum was inoculated intraperitoneally into each guinea- 


pig and in experiment 14, 1.5 cc. 
as described above in the ovalbumin experiments. 
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The rabbit sera were prepared 


The guinea- 


pigs were given the intoxicating doses of edestin twenty-four 
hours after they had received the passively sensitizing rabbit 


TABLE 7 


Experiment 14. Passive anaphylaxis in guinea-pigs 


Sensitization of rabbits: 2 cc. of 5 per cent NaCl solution containing 0.014 
gram edestin 
Sensitization of guinea-pigs: 1.5 ec. of rabbit serum twenty-seven days after 
sensitization. 
Intoxication of guinea-pigs: 1.5 ec. doses of the standard edestin solution 
(1.5 cc. = 0.011 gram). 


are RTMBAT bso oeeon SERA FROM INTOXICATION BL as 
BER 
Protein in: pH Protein in: pH 
1 | Acid solution 2.5) Acid solution 2.5) Acute anaphylaxis 
2 | Acid solution 2.5) Unadjusted solu- | 6.2} Acute anaphylaxis 
tion 
3 | Acid solution 2.5) Alkaline solution |10.0} Mild anaphylaxis 
4 | Unadjusted solution | 6.2} Acid solution 2.5) Anaphylaxis 
5 | Unadjusted solution | 6.2} Unadjusted solu- | 6.2) Anaphylaxis 
tion 
6 | Unadjusted solution | 6.2) Alkaline solution |10.0) Anaphylaxis 
7 | Alkaline solution 10.0} Acid solution 2.5) Anaphylaxis 
8 | Alkaline solution 10.0; Unadjusted solu- | 6.2) Anaphylaxis 
tion 
9 | Alkaline solution 10.0} Alkaline solution |10.0) Mild anaphylaxis 
10 | (No protein) Acid solution 2.5} No anaphylaxis 
11 | (No protein) Unadjusted solu- | 6.2) No anaphylaxis 
tion 
12 | (No protein) Alkaline solution |10.0) No anaphylaxis 


Acute Anaphylaxis: Paralytic and respiratory reactions. 

Anaphylaxis: Mild paralytic and respiratory reactions. 

Mild Anaphylaxis: Paralytie with no or slight respiratory reactions. 

Standard edestin solution made by saturating a 5 per cent NaCl solution with 
edestin at 60°C. Solutions incubated two and one-half hours after adjustment 
of pH and before inoculations. 


sera. The guinea-pigs used in experiment 14 (table 7) were 
animals which had survived the ovalbumin experiment tabulated 
in table 4. It was tacitly assumed that the specificity of the 
anaphylaxis reaction permitted the use in an edestin experiment 
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of animals which had been used previously in an ovalbumin 
experiment. All the pigs used in these experiments weighed 
approximately 300 grams. The last columns of tables 6 and 7 
indicate the anaphylactic reactions of the guinea-pigs. 

It is evident that the reactions in these experiments were not 
as severe as in the ovalbumin experiments. Here, as in the oval- 
bumin experiments, the reactions are more acute the more acid 
the protein used to sensitize the rabbits. The pH of the intoxi- 
cating protein appeared to play a more important réle than in 
the ovalbumin experiments. It will be noted both in table 6 
and in table 7 that whenever there is an appreciable variation in 
the severity of the reaction in any one group of guinea-pigs, the 
reaction is less severe the more alkaline the intoxicating dose. 
This observation is entirely in harmony with findings in experi- 
ments not reported here, that in the alkaline solutions the pro- 
teins are less potent in intoxicating the sensitized guinea-pigs. 
The variation in the opposite direction in experiment 11, animals 
7 to 11 (table 3) is the only exception that we have encountered. 


EXPERIMENTS ON PRECIPITINS 
Ovalbumin 


It is the tendency in immunological literature to stress the 
parallelism between the occurrence of anaphylactic and pre- 
cipitating antibodies in immune sera. Indeed some workers 
incline to the view that the two are identical (vide the review by 
Coca, 1920). We have therefore conducted some titrations of 
the precipitins in the sera of the rabbits which had received 
intraperitoneal inoculations of ovalbumin in water (pH = 
4.8) and in aqueous adjusted solutions, pH 2.0 to 2.5 and 9.0 
to 10.0. Westarted the experiment with groups of three animals 
for each form of sensitizing protein. Several of the animals died 
of intercurrent infections during the course of the incubation 
interval. The technic and the materials were the same as those 
described above in the anaphylaxis experiments. The solutions 
were kept in the ice chest four hours after adjustment of pH and 
before inoculations. The pH reading of each solution was 
checked immediately before it was inoculated into the animals. 
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The ovalbumin antigen solution used in making the test for 
precipitating antibodies was prepared by dissolving 1 gram of 
ovalbumin in 100 ce. of 0.8 per cent NaCl solution. This solu- 
tion had a pH = 4.8. In the first three titrations which were 
made it was diluted with 0.8 per cent NaCl. When added to 
the sera the mixtures showed pH values 6.8 to 7.2. In a later 
series of titrations a 10 ec. portion was adjusted to pH = 7.0 
with n/5 NaOH and the solution was filtered clear through 
paper. Dilutions of antigen were made from this solution with 


TABLE 8 
Titrations of precipilins in rabbit sera 


Sensitization with 5 ec. of ovalbumin solution containing 0.125 gram protein. 
Animals bled thirty days after sensitization. 

Acid solution of ovalbumin pH = 2.5, 

Unadjusted solution of ovalbumin pH = 4.8. 

Alkaline solution of ovalbumin pH = 9.5. 


SERA OVALBUMIN IN 0.8 PERCENT NaCl, 1 PART IN 


NUMBER | Sensitization with protein in: 100 1,000 | 10,000 | 100,000 1,000,000 | 10,000,000 


11 Acid solution 

iS Acid solution 

27 Acid solution 

22 Unadjusted solution 
30 Unadjusted solution 
20 Alkaline solution 

25 Alkaline solution 


— — — 
aia == ae = 


++ 
+1 I T++ 


+ 
++ 


++, heavy ring of precipitate; +, definite ring of precipitate; +, doubtful ring 
of precipitate; —, no ring of precipitate. 


an 0.8 per cent NaCl solution of pH = 7.0 to give albumin 
concentrations of one part in 103, 104, 105, 10°, and 107. The 
pH of each dilution was read and found to be 7.0 + 0.1. The 
precipitin tests were made in tubes prepared from glass tubing of 
5 mm. bore. One-tenth cubic centimeter of undiluted serum 
was overlaid in each case by 0.1 cc. of the diluted antigen. The 
formation of a ring of precipitated material at the interphase of 
the two components was observed for the two hours succeeding 
the addition of antigen to serum. Control tests were made 
with sera and saline and with saline and antigen combinations. 
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No spontaneous ring precipitates were observed. In table 8 
we have arranged the results with sera obtained from the rabbits 
thirty days after sensitization. They represent one of three 
sets of concordant titrations. - 

It is evident from the data of table 8 that the precipitating 
antibodies were present in much greater concentration in the 
sera of those rabbits which had been sensitized with acidulated 
ovalbumin solution than in the sera from the rabbits which had 
received the protein in unadjusted or in alkaline solution. These 
results were confirmed by another set of titrations upon sera 
from the same animals obtained forty-six days after sensitiza- 
tion, although all the titers had fallen. Sera 27, 30 and 20 had 
all been used for the passive sensitization of the guinea-pigs of 
experiments 12 and 15 (tables 4 and 5). 


Edestin 


The titrations of precipitins in rabbits which had been sen- 
sitized with edestin were conducted in the same manner as 
with ovalbumin. The rabbits were sensitized in the same manner 
and with the same quantities of protein used in sensitizing the 
rabbits for the edestin passive anaphylaxis experiments. The 
antigen was prepared by making the same type of edestin solution 
in 5 per cent NaCl (described above) and diluting this with 0.8 
per cent NaCl to give approximately 1 part of protein in 1000, 
10,000, 100,000, 1,000,000 and 10,000,000. Even in the 1:1000 
dilution there was not sufficient globulin precipitated to inter- 
fere with the test. The technique of the test was the same as 
that described for ovalbumin. The results of the first titration, 
made with sera obtained thirty days after sensitization, are 
summarized in table 9. 

The results of the experiment summarized in table 9 are very 
puzzling. They appear to indicate that the more alkaline 
sensitizing doses of edestin were more effective precipitinogens 
than the acidulated doses. Sera 21, 10 and 29 had been utilized 


3 Determinations of edestin in solution showed that the dilution was 30 per cent 
higher in each case than the indicated value. 
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for the passive sensitization of the guinea-pigs of experiments 
13 and 14 (tables 6 and 7). From those experiments it had 
appeared that the acidulated solution of edestin was the most 
potent in arousing in the rabbits the production of anaphylactic 
antibody. The failure of the precipitin titers to parallel the 
anaphylaxis titers was a very surprising finding in the light of 
the many contributions in the literature and of our ovalbumin 
experiments which indicated this parallelism. We therefore 
undertook to repeat these titrations. 


TABLE 9 
Titrations of precipitins in rabbit sera 


Sensitization with 2 cc. of edestin solution containing 0.014 gram protein in 
5 per cent NaCl. 
Animals bled thirty days after sensitization. 
Acid solution of edestin pH = 3.0 
Neutral solution of edestin pH = 6.9 
Alkaline solution of edestin pH = 10.0 
i oe eS ide Oe 


SERA EDESTIN IN 0.8 PERCENT NaCl, 1 PART IN 
Number Sensitization with protein in: 1,000 10,000 100,000 1,000,000 | 10,000,000 


12 Acid solution = = el at 23 
21 Acid solution 


10 Neutral solution + ab = sd ae 
17 Neutral solution = * * * * 
8 Alkaline solution + =e = = a 
28 Alkaline solution + ate ae a. = 
29 Alkaline solution + = = = on 


ee eee ee ee eee 


* Test doubtful. Serum turbid. 
+, definite ring of precipitate; —, no ring of precipitate. 


The edestin-sensitized rabbits were again bled from the heart, 
this time forty-six days after sensitization. ‘Two days later the 
sera were titrated for precipitins. The antigen used in these 
tests was prepared by a somewhat different method. To avoid 
the use of 5 per cent NaCl solution to dissolve the edestin, we 
made use of the fact that this globulin dissolves more readily in 
alkaline than in neutral or acid solutions. White and Avery 
(1913) have also had recourse to this device. In their experi- 
ments with edestin they used solutions of the protein in NazCQs 
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solution. We used solutions of edestin prepared by adding 0.1 
gram to 100 ce. of 0.8 per cent NaCl solution (pH = 5.5; con- 
siderable portion of the protein undissolved). To 10 ce. of this 
solution n/20 NaOH was added (3 drops) until the solution was 
clear (pH = circa 10.2). From this alkaline solution (1 part 
protein in 1000 of saline) further dilutions were made with 0.8 
per cent NaCl solution which had been adjusted to pH = 10.0 
so that the final concentrations of protein in alkaline 0.8 per cent 


TABLE 10 
Titrations of precipitins in rabbit sera 


Sensitization with 2 cc. of edestin solution containing 0.014 gram protein in 5 
per cent NaCl. 

Animals bled forty-six days after sensitization. 

Acid solution of edestin pH = 3.0 

Neutral solution of edestin pH = 6.9 

Alkaline solution of edestin pH = 10.0 


SERA EDESTIN IN 0.8 PER CENT NaCl, pH = 10.2, 1 PART IN 

Number Sensitization with protein in: 1,000 10,000 100,000 1,000,000 | 10,000,000 
12 Acid solution + = = es a 
21 Acid solution ze = = = a 
23 Acid solution =e = pes xe at 
7 Neutral solution zs = = Ee a 
10* | Neutral solution = =e re a a 
17* | Neutral solution + as =e = = 
8 Alkaline solution se — Ls Zs Se 
28 Alkaline solution + + a = = 
29 Alkaline solution + = po 2s 


* Due to the loss of tags from rabbits, we do not know which of these is no. 10 
and which no. 17. 

+, definite ring of precipitate; +, slight ring of precipitate; —, no ring of 
precipitate. 


NaCl were 1 part in 10‘ to 1 part in 107 by decimal dilutions. 
The results of the test are shown in table 10. 

White and Avery (1913) have pointed out that in alkaline 
(Na,CO;) solutions of edestin more concentrated than 1:1000 
spontaneous precipitation occurs upon standing or upon contact 


4 We wish to express our thanks to Dr. White for having called our attention to 
this procedure and to the results described in their paper. 


—— 
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with diluted (1:10) normal serum. This observation may 
account for the + reaction observed with all our sera overlaid 
with antigen 1:1000. 

The data of table 10 confirm those of table 9 in the demonstra- 
tion that the precipitin titer was higher in the sera of rabbits 
sensitized with neutral or alkaline solutions of edestin than in 
the sera of rabbits sensitized with the acid solution of the protein. 


DISCUSSION 


We have observed that the guinea-pigs or rabbits which 
received acidic or alkaline solutions of protein showed no more 
discomfort or reaction after the inoculation than the animals 
which received unadjusted solutions. We are therefore led to 
the conclusion that the acid or alkali injected with the proteins 
in these experiments is not of physiological significance. 

The enormous power of mammalian tissues and body fluids to 
maintain their neutrality is too well known to demand discus- 
sion here. It is the more surprising therefore—if the effects noted 
in these experiments are due to reversible changes in the antigen— 
that the pH of the solution in which a protein is suspended affects 
its antigenic properties. A priori it would be expected that the 
acid or alkali of the inoculated material would be very rapidly 
neutralized in the blood or in the peritoneal cavity and the pro- 
tein converted into that state in which it exists at equilibrium 
with the hydrogen-ion concentration of the blood. From the 
data presented here it appears that this may not occur under the 
conditions of these experiments. It appears probable that 
although the fluids of the body may change the pH of the inocu- 
lated material very rapidly, the effect of the pH to which the 
protein has previously been exposed persists for a period of time 
sufficiently long after introduction into the animal body to allow 
the specific antigenic potencies of the protein to become evidenced 
by later specific antibody responses. 

That the effect of pH is upon the protein and not upon the 
animal has been indicated by the data discussed on page 246. 
It is therefore justifiable to conclude that the observations re- 
ported in this paper are not concerned with the phenomenon of 
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“defence rupture” or “kataphylaxis” (vide Bullock and Cramer, 
1919, Shearer, 1919-1920, Cramer and Gye, 1919-1920). 

Until the results of further experiments become available it 
will not be possible to state definitely whether the effect of pH 
upon antigenic properties is qualitative or only quantitative. 
As we have already pointed out above, the indications are in 
favor of the latter assumption. From the experiments with 
ovalbumin it appears that sensitization with the protem at one 
PH is evidenced equally as well by intoxication with the protein 
in solutions of any of the pH values tested. The experiments 
with edestin show much the same results except that with the 
more alkaline intoxicating solutions the responses are commonly 
less acute regardless of the pH of the sensitizing antigen. When 
we have obtained the reactions termed “acute anaphylaxis” 
and ’mild anaphylaxis” the gradient between them appears. 
to have been continuous with change in pH of the sensitizing 
protein. We therefore incline to the view that the effect of pH 
upon anaphylactic antigen, under the conditions of these experi- 
ments, to modify its potency in arousing an antibody response is 
more marked than in modifying its specific intoxicating properties. 

It had been tacitly assumed, when these experiments were 
begun, that within the range of pH 2.0 to 10.0 the proteins 
ovalbumin and edestin would be modified only in the physico- 
chemical sense and that they would remain unchanged in the 
ordinary chemical sense. We must, however, examine this 
phase of the problem more closely. 

It is known that treatment with concentrated alkali may result 
in racemization of proteins (Kossel and Weiss, 1912; Dakin, 
1912; Dakin and Dudley, 1913, 1913a; etc.) and that concurrently 
with a change in the optical activity a protein may be rendered 
non-antigenic (TenBroeck, 1914; Schmidt, 1917) and refractory 
to the proteolytic activities of pepsin, trypsin and erepsin in 
vitro, and non-digestible in vivo (Dakin and Dudley, 1913a). 
It is even highly probable that treatment with strong alkali 
produces changes in the protein molecule more fundamental 
than were suspected by Dakin. Inasmuch as we have found 
that the more acidic solutions of ovalbumin and of edestin are 
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more eifective sensitizing antigens than the corresponding alka- 
line solutions, it might appear—at first sight—as though the 
effects of pH which we have observed can be attributed to the 
loss in antigenic potency which parallels racemization in alkaline 
solution. However, it is far from probable-although possible— 
that such an explanation is tenable. It is significant to recall 
that when proteins are racemized and lose their antigenic proper- 
ties—as in the experiments of TenBroeck and of Schmidt—they 
are treated with concentrated alkali (N/2-N/3.5 NaOH). In 
the experiments reported here the alkaline solutions were never 
at pH greater than 10.2. Although an hydroxyl-ion concen- 
tration equivalent to pH 10.0 appears very high in a physiological 
sense, chemically it represents a very weakly alkaline solution 
(approximately Nn/10,000 NaOH). The optical properties of 
ovalbumin and edestin probably are not appreciably affected at 
room or ice-chest temperature at this alkalinity in the incubation 
periods used in these experiments, and hydrolytic and tautomeric 
changes probably could not be demonstrated with the methods 
available. 

So far as we are aware, an activation of proteins by very dilute 
acids—the converse of inactivation (racemization) by concen- 
trated alkalies—has never been demonstrated. It is interesting 
to recall that in our experiments acidulation of the antigens to 
pH 2.0-3.0 (approximately n/100-n/1000 solutions of HCl) 
resulted in increased anaphylactogenic potency as compared 
to the potency of antigens in unadjusted (slightly acid) solutions. 
This observation apparently has no counterpart in those phe- 
nomena which are associated with racemization. 

In the experiments of Schmidt (1917) on “racemized” casein 
the loss of antigenic characteristics was determined by the 
method of complement fixation. In the experiments of TenBroeck 
(1914) the loss of antigenic power upon racemization of egg 
albumin was demonstrated by the complement fixation, specifie 
precipitation and anaphylactic reactions. In our experiments 
with ovalbumin, precipitinogenic and anaphylactogenic properties 
were alike augmented by acid and diminished by alkali. Our 
experiments with edestin, however, gave a distinctly different 
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result. The same antigen which produced the highest anaphy- 
lactic produced the lowest precipitin result. The difficulties 
of technique involved in making precipitin titrations against a 
globulin must not be minimized. But if, in spite of the methodo- 
logical difficulties, our edestin precipitin titers are accurate, it 
would appear that either the pH effects which we have observed 
are entirely distinct from those which occurr under the conditions 
of racemization or that under those conditions some proteins 
(i.e., edestin)—unlike egg elbumin and casein—may show an 
increase instead of a decrease in the potency of a particular anti- 
genic (precipitinogenic) property. We incline to doubt that 
such would be the case and to adhere to our original hypothesis 
that the effects of pH manifest in our experiments are reversible 
and are associated with physico-chemical changes in the proteins 
which are more closely related to ionization than to hydrolytic 
or tautomeric changes. Modifications of these latter types, 
although they might account for the diminished antigenic potency 
of alkaline solutions of antigen, do not account for the augmented 
potency of acidulated as compared to unadjusted antigen 
solutions. 

It would have been highly desirable—had it been feasible—to 
relate the results of our experiments to the influence of pH upon 
the solubilities of proteins. However, sufficient data is not 
available in the literature or in our laboratory. We have 
conducted some experiments upon the solubilities of ovalbumin 
and edestin and have carried them far enough to discover that 
the variations produced by such changes in pH as have been 
utilized in the anaphylaxis experiments do not parallel the pH 
effects upon antigenic potency. 

In the first section of this paper we indicated that we were led 
into these studies by acquaintance with certain recent contribu- 
tions upon the relation of the physico-chemical properties of 
protein solutions to the iso-electric point. The iso-electric points 
of the proteins which have been studied in these experiments 
have been mentioned repeatedly. The data reported here indi- 
cate that the antigenic properties of proteins bear certain signifi- 
cant relations to the iso-electric points. We incline to the view 
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that in studying the effect of pH upon antigenic properties the 
iso-electric point should be determined, if possible, and pH values 
related to the iso-electric value. Indeed the iso-electric point 
cannot be neglected in studies upon pure proteins in unbuffered 
or only slightly buffered media because of the tendency of pro- 
teins to maintain in their menstrua the pH at which they are 
iso-electric.® 

It would have been of considerable interest—had it been possi- 
ble—to obtain the precipitin titers of our sera at the same hydro- 
gen-ion concentrations as were used for sensitizing the animals. 
Such proposed protocols were abandoned when it was found 
necessary to use alkaline solutions to dissolve the edestin and 
when it was found that for the precipitin test with ovalbumin the 
limiting pH values (4.5 to 9.5) observed by Mason (1922) were 
sound. — 

The studies reported in this first paper are being continued. 
Some applications of these findings to the properties of bacterial 
antigens and to the detoxication of sera used in the practice of 
serum therapy are being studied at present. We have been 
convinced by the experiments reported here that much of the con- 
fusion in the literature of anaphylaxis may be attributable 
to the failure in the past to measure or control the hydrogen- 
ion concentration of antigen solutions. It appears probable that 
the effects of the hydrogen-ion concentration upon the character- 
istics of antigens are as fundamental as their influences upon the 
metabolic phenomena of protoplasm. 


CONCLUSIONS 


1. In our experiments, variations of pH did not affect the 
non-anaphylactogenic nature of gelatin. 

2. Unadjusted solutions of crystallized hen ovalbumin in 
water were at pH = 4.8. When this solution was brought to 
pH = 2.0 to 2.5 the anaphylactogenic potency of the protein 


5 For a discussion of some of the physico-chemical phases of this phenomenon . 
vide the papers by Eckweiler, Noyes and Falk (1921), Cohn (1922), and Hitch- 
cock (1922). 
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was markedly increased. When it was brought to pH = 9.0 to 
10.0 this antigenic potency was slightly decreased. 

3. Unadjusted solutions of crystallized edestin had pH values 
of 6.0 to 6.9. The anaphylactogenic potency of this globulin was 
increased when the solution was adjusted to pH = 2.5 and was 
decreased when the solution was adjusted to pH = 10.0. 

4, With changes in pH, the precipitinogenic potency of oval- 
bumin paralleled the anaphylactogenic potency. 

5. With changes in pH, the precipitinogenic potency of edestin 
was decreased when the anaphylactogenic potency was increased, 
and was but slightly reduced when anaphylactogenic potency was 
decreased. 

6. The results with edestin were obtained by passive sensitiza- 
tion of guinea-pigs with the sera of actively sensitized rabbits. 
The experiments with ovalbumin were first conducted by the 
method of active anaphylaxis in the guinea-pig and were 
confirmed by experiments upon guinea-pigs passively sensitized 
with the sera of actively sensitized rabbits. 

7. The acuteness of the anaphylactic response elicited in the 
actively or passively sensitized guinea-pig varied significantly 
with the pH of the sensitizing solution of protein. 

8. The influence of the pH of the intoxicating solution upon the 
acuteness of the anaphylactic response was more marked in the 
edestin than in the ovalbumin experiments. 

9. The pH of an antigen solution affects antibody response 
through its influence upon the protein and probably not through 
its influences upon the animal. 

10. When studying antigenic properties of substances, the 
influence of pH cannot be neglected unless it is first demonstrated 
to be negligible. 
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A stock of guinea-pigs whose serum is naturally deficient in 
complement was reported from the Vermont State Agricultural 
Station in 1919 by H. D. Moore (1). The stock is of more than 
ordinary interest to the serologist since it furnishes a workable 
character in the blood of a common laboratory animal. Short 
articles have already appeared by Coca (2) and Ecker (3) on 
stock obtained from the same source. 

Moore observed that 1 cc. of the fresh serum from this breed 
of guinea-pigs would not hemolyze a unit of sensitized blood cor- 
puscles of the horse. The serum hemolyzed sensitized sheep and 
human corpuscles only when very large doses were used. The 
guinea-pigs were found to respond to immunization with bacteria 
as well as normal stocks do. The opsoniec action of the serum 
was low. The complement-deficient guinea-pigs were less resis- 
tant to infection with B. cholerae suis than normal animals. The 
complement-deficient condition was found to be heritable. Coca 
observed that the serum contained the end-piece and mid-piece 
of complement but the so-called third-piece was lacking. He 
also found that the serum could be activated by the addition of a 
small amount of inactivated human or guinea-pig serum. Ecker 
found that the serum would hemolyze supersensitized corpuscles. 
This author corroborated Coca’s observation concerning the 
activation of the deficient serum with human and guinea-pig 
serum and further observed that dog, horse, sheep and rabbit 
serum were very poor “‘activators.”’ In a personal communi- 
cation, Dr. F. A. Rich of the Vermont Agricultural Station has 
informed us that he and Downing found the complement-deficient 
condition to be a Mendelian character. 
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Dr. Rich very kindly supplied us with a number of the comple- 
ment-deficient guinea-pigs. We have had the stock under obser- 
vation for more than two years and have made a study of a num- 
ber of different points. 


EXPERIMENTAL 


The complement content of the deficient serum 


The serum of the complement-deficient guinea-pigs was tested 
for its capacity to lyze sensitized erythrocytes of the sheep, the 
ox and the domestic fowl. The reactions with sheep corpuscles 
will serve to illustrate our results. Washed sheep corpuscles 
were mixed with two units of specific hemolytic serum (rabbit 
serum) and then distributed in unit quantites in two sets of tubes. 
Varying quantites of normal guinea-pig serum, properly diluted, 
were added to one set of tubes and to the other set, corresponding 
quantites of serum from the deficient guinea-pigs. The serum 
from normal guinea-pigs in quantities of 0.01 cc. gave complete 
hemolysis while 0.8 ec. of serum from the deficient guinea-pigs 
gave only partial hemolysis. It is seen, therefore, that the serum 
from the deficient guinea-pigs is almost devoid of the power to 
lyse sensitized corpuscles of the sheep. Similar results were 
obtained with the corpuscles of the other species. 


Activation of the deficient serum 


Coca found that the addition of small amounts of inactivated 
(56°C. for thirty minutes) human or guinea-pig serum to the 
deficient serum rendered the latter one-third as potent as the 
serum of normal guinea-pigs. We have studied a number of sera, 
both in the fresh state and after inactivation, with respect to 
their activating effects on the deficient serum. The lytic actions 
of the various mixtures of serum were tested on red blood cells in 
combination with 2 units of specific hemolytic serum. 

Fresh human serum was found to be a very potent activator 
for the complement-deficient serum. We have tested certain 
human sera of which 0.5 per cent by volume added to the deficient 
serum rendered the latter as potent as serum from normal guinea- 
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pigs. These tests were made as follows: The deficient serum was 
diluted and measured into a series of serological tubes in such a 
way that each tube contained 0.02 ec. of serum. The fresh 
human serum, after proper dilution, was so added to the tubes 
that the amounts of serum in the series varied from 0.1 ce. to 
0.00005 cc. The tubes were shaken and allowed to stand at 
room temperature for ten minutes. Two units of hemolytic 
serum were now added to each tube and then 1 unit of sheep 
corpuscles was added. Hemolysis occurrred in all the tubes 
which contained 0.0001 ce. or more of the fresh human serum, 
while there was no hemolysis, or only slight hemolysis, in the 
tubes that contained less than 0.0001 cc. of human serum. The 
hemolytic serum used in this experiment had been inactivated by 
heat and contained 10,000 units per cubic centimeter. 

Since 0.0001 cc. of the human serum rendered 0.02 ec. of the 
deficient guinea-pig serum as potent as an equal amount of nor- 
mal guinea-pig serum, it may be said that the human serum con- 
tains 10,000 units of ‘“‘activator’’ per cubie centimeter. As a 
rule, however, fresh human serum contains only about 5000 units 
of “‘activator” per cubic centimeter, 1 per cent by volume usu- 
ally being required to activate completely the deficient serum. 
Fresh guinea-pig serum tested in the same way has proved almost 
as potent an “activator” as human serum, 1 per cent by volume 
always giving complete activation. The complement-deficient 
serum is activated also by small amounts of dog, rabbit and cat 
serum, but it is not activated by the fresh serum of the ox, pig, 
duck, chicken, pigeon, sheep, frog, goat or mouse. It is interest- 
ing to note that frog serum complements almost as well as guinea- 
pig serum and yet frog serum fails to supply the missing compon- 
ent to the deficient serum. 

Heating at 56°C. for thirty minutes does not materially reduce 
the activating power of human serum. Heated guinea-pig serum 
will also activate the deficient serum but its activating power is 
so reduced that it is necessary to add 5 per cent of heated serum 
instead of 1 per cent as was the case with the fresh serum, in order 
to activate completely the deficient serum. Heating at 56°C. 
for thirty minutes entirely destroys the activating power of rab- 
bit, cat and dog sera. 
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It is seen that of the 14 sera tested only 5 possess the property 
of activating the deficient serum. These 5 sera vary among 
themselves with respect to heat; 56°C. for thirty mimutes en- 
tirely destroys this property of the rabbit, cat and dog sera, 
materially reduces it in guinea-pig serum, but does not appreci- 
ably affect human serum. 

The quantitative results obtained with the heated human and 
guinea-pig sera are dependent upon the manner in which the 
tests are performed. It will be recalled that the hemolytic serum 
was added to the complement mixture andmot to the suspension 
of corpuscles. This procedure was adopted because it had been 
observed that when the corpuscles are previously sensitized the 
reactions were delayed and different end-results were obtained. 

It may be of interest to point out here that the complement 
deficient serum could not be distinguished from normal guinea- 
pig serum in an anti-sheep human hemolytic system, if the titer 
of the immune serum were not greater than 1 to 5000. This 
deduction results from the fact that the immune human serum, 
even after inactivation, would contain 5000 units of ‘‘activator”’ 
in each cubic centimeter. The deficient serum would also func- 
tion in a similar way in an anti-sheep guinea-pig hemolytic sys- 
tem, provided that the immune serum were not inactivated 
before use. 


Activation of the deficient serum in vivo 


Complement-deficient guinea-pigs were given injections of 
human and normal guinea-pig sera and bled at varying intervals 
of time thereafter. The serum from the different specimens of 
blood was collected and tested for its complementing action. It 
was found that an intravenous injection of 2 cc. of fresh serum from 
normal guinea-pigs rendered the serum of the complement-defi- 
cient guinea-pigs as potent as that of normal animals. Three 
days after the injections were made, the serum of the treated 
guinea-pigs was even less potent than it had been before the nor- 
mal serum was injected. In other experiments, normal serum 
was injected either intraperitoneally or subcutaneously. Here the 
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activation was not instantaneous but occurred from four to 
eighteen hours after the injections were made, apparently as the 
serum reached the circulation. The sera of these animals also 
returned to the previous non-complementing state within from 
three to four days. Practically the same results were obtained 
with human serum. 

The most interesting point in these experiments is the short 
duration of the conferred activity. In the light of experience 
with various immune sera, one would not be led to believe that 
the bulk of the injected serum was eliminated within three days’ 
time, particularly where homologous serum was used. It is pos- 
sible that the tissues of the complement-deficient guinea-pigs 
are, In some way, antagonistic to the activating substance, which 
is in reality foreign to these animals. It is pointed out that 
activation in vivo involves a condition somewhat different from 
that in the test tube, since the serum from the in vivo activation 
is obtained after the blood has passed through the clotting stage. 
This would indicate that the third component is not materially 
affected as a result of the process of coagulation. 


Complement-deficient serum and supersensitized corpuscles 


Ecker reports that the complement-deficient serum hemolyses 
corpuscles which have been sensitized with 500 units of specific 
amboceptor. The susceptibility of the corpuscles to the lytic 
action of the deficient serum was attributed to the supersensiti- 
zation per se, as is shown by the following statement: 


These observations indicate that a greatly increased amboceptor 
content is capable of rendering the sheep cells so sensitive that the com- 
plement-deficient serum induced lysis in doses which, in themselves, are 
entirely inactive in the presence of the usual amboceptor amounts. 


Before Ecker’s report appeared, we had observed that the 
deficient serum functioned as normal serum in hemolytic reac- 
tions in which large quantities of amboceptor were used. For 
example, an anti-sheep hemolytic serum (rabbit serum) which 
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gave a titer of 1:10,000! with 0.02 cc. of normal guinea-pig com- 
plement, gave a titer of 1:50 with 0.02 cc. of the deficient 
serum. The deficient serum required, therefore, 0.02 ec. or 200 
units of hemolytic serum to produce 1 unit of hemolysis. The 
hemolytic serum had been recently collected and was inactivated 
by heat, 56°C. for thirty minutes. This precaution was observed 
because old sera will not sensitize corpuscles for minimal doses 
of the complement-deficient serum. 

Since inactivated normal rabbit serum will not activate the 
complement-deficient serum, the hemolysis would seem to be due 
directly to the large number of hemolytic units themselves, as 
Ecker contends. Further investigation has shown this not 
to be the case and indicates that the complement-deficient serum 
was able to effect hemolysis in the presence of excessive amounts of 
amboceptor because the missing factor was supplied by the hemo- 
lytic serum, rather than because of the hypersensitiveness of the 
supersensitized cells. The evidence which we have accumulated 
on this point is recorded in the following observations: 

a. Observations with yeast adsorption. It is a well known fact 
that treatment with yeast will remove the complementing prop- 
erty of fresh sera. The yeast adsorbs the so-called third or 
thermostable component of complement. Since the deficient 
serum lacks this same factor, it follows that normal guinea-pig 
serum, after it has been adsorbed with yeast, will not activate 
the deficient serum. On the other hand, treatment with yeast 
does not affect the titer of a hemolytic serum; that is, hemolysins 
are not adsorbed by yeast. If our contention is true that the 
deficient serum is able to hemolyze the supersensitized corpuscles 
because the large amount of immune serum used supplies the 
missing complement factor, it follows that no hemolysis should 
occur if the hemolytic serum is previously treated with yeast. 
The following experiment shows this to be the case: Fresh 


1 Washed sheep corpuscles diluted 1:4 in terms of whole blood were used in 
doses of 0.1cce. (This quantity is equivalent to one-quarter of the standard unit 
of corpuscles.—Editor). The reagents were added to small serological tubes, 
made up to a total volume of lcc. Readings were made after one hour’s incu- 
bation at 37°C. 


we 
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guinea-pig serum was mixed with large amounts of powdered 
yeast (Fleischman’s) and kept at 37°C for two hours. The yeast 
was removed from the serum by centrifugalization. This serum 
failed to activate the complement-deficient serum and would 
hemolyze sensitized corpuscles only when excessive amounts of 
hemolytic serum were used. In other words, this serum now had 
the same properties as the complement-deficient serum. <A very 
potent hemolytic serum was also adsorbed with yeast. The 
adsorbed serum was titrated with both normal and complement- 
deficient guinea-pig serum as complement. The titer was found 
to be unchanged with normal serum as complement, but any 
number of units did not sensitize the corpuscles for the comple- 
ment-deficient serum or for normal guinea-pig serum that had 
been adsorbed with yeast. 

This observation seems to admit of but one conclusion, namely, 
that the supersensitized corpuscles are susceptible to hemolysis 
by the complement-deficient serum because the hemolytic serum 
supplies the missing factor and not because of the supersensiti- 
zation per se; for, if sensitization were the essential thing, any 
immune serum which contained the requisite number of sensi- 
tizing units should render the corpuscles susceptible to lysis by 
the deficient serum. 

b. Experiments with hemolytic serum heated above 56°C. It had 
been demonstrated by Hyde (5a) that the titer of a potent hemo- 
lytic serum is only slightly reduced by being heated at 60°C. for 
thirty minutes and that 66°C. for thirty minutes destroys only 
about three-fourths of its hemolytic power. In view of these 
facts, it became of interest to see whether hemolytic serum which 
had been heated above 66°C. would sensitize corpuscles for the 
complement-deficient serum. 

The hemolytic serum that was used in this experiment had a 
titer of 1:10,000 after inactivation at 56°C. After being heated 
at 60°C. for thirty minutes, the titer was only slightly reduced, 
normal serum being used as complement, but the serum had 
almost entirely lost its power to sensitize corpuscles for the com- 
plement-deficient serum, only partial hemolysis resulting when 
500 hemolytic units were used. Another portion of the hemolytic 
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serum was heated at 66°C. for thirty minutes. This serum now 
gave a titer of 1:2500 with normal guinea-pig serum as comple- 
ment, while it had entirely lost the power of sensitizing corpuscles 
for the deficient serum. 

This experiment also seems to show that the power of the 
hemolytic serum to render corpuscles susceptible to lysis by the 
complement-deficient serum depends upon some factor other 
than hemolytic units, and that this factor is destroyed by temper- 
atures between 60 and 66°C. 

c. Experiments with an aged hemolytic serum. Anti-sheep rabbit 
serum which had a titer of 1:10,000 with serum from normal 
guinea-pigs as complement rendered corpuscles susceptible to 
lysis by the complement-deficient serum in doses of 200 or more 
hemolytic units. After the addition of 0.5 per cent phenol, this 
serum was stored in an ice-box for eighteen months. The titer 
of the serum with normal complement was found to be only 
slightly reduced, but it no longer sensitized corpuscles for the 
complement-deficient serum, regardless of the number of hemo- 
lytic units used. The addition of a small amount of inactivated 
human serum to the old hemolytic serum restored the property of 
sensitizing corpuscles for the complement-deficient serum. 

d. Immune hemolytic serum no. 96. This serum was peculiar in 
that it failed to cause hemolysis with the complement-deficient 
serum. Its titer with serum from normal guinea-pigs was 
1:20,000. Doses containing 15,000 hemolytic units would not 
hemolyze 1 unit of corpuscles when the deficient guinea-pig serum 
was used as complement. 

The four observations just described show that the hemolytic 
serum contained some factor, other than hemolysins which was 
essential in the reactions with the serum from the complement- 
deficient guinea-pigs. ‘This factor seems to be the third or ther- 
mostable component of complement, since (a) hemolytic sera 
that are capable of sensitizing corpuscles for the complement- 
deficient serum lose this power after treatment with yeast, al- 
though the hemolytic titer has not been reduced, (b) serum 
heated above 56°C. loses its power to react with deficient serum 
while it is still very potent in reactions with normal guinea-pigs 
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serum, (c) on aging, hemolytic sera become non-reactive with the 
deficient serum but retain the power to react with normal serum 
and (d) a very potent hemolytic serum was encountered which 
would not sensitize corpuscles for the complement-deficient serum 
regardless of the number of hemolytic units added to the reaction. 
It is concluded, therefore, that hypersensitization is not respon- 
sible for the phenomenon observed by Ecker and myself, namely, 
that the complement-deficient serum is lytic for red blood corpus- 
cles, provided that sufficiently large quantites of sensitizing serum 
are used. The deficient serum becomes active because the hemo- 
lytic serum supplies the factor which the deficient serum lacks. 


Evidence that the third component ts quantitatively involved 


The third complement component exists in normal guinea-pig 
serum in great excess, at least 100 times the quantity necessary 
to supply its quota to the other components to make the average 
titer of 100 units per cc. This statement is based on the obser- 
vation that the deficient complement is made active by the addi- 
tion of 1 per cent by volume of fresh guinea-pig serum. Since 
the percentage cannot be carried far below this point, it would 
seem that the third component is quantitatively involved. The 
following experiment is designed to give weight to this state- 
ment. ‘Three complements were selected as follows: A, defi- 
cient guinea-pig serum; B, normal guinea-pig serum; C, comple- 
ment of the same potency as normal guinea-pig serum, made by 
adding 5 per cent by volume of B to A. 

Complements B and C are of the same potency, and by the 
addition of 5 per cent of B to A, A becomes as potent as B. If 
B reactivated A in some way merely by virtue of its quality 
rather than its quantity, then complement C in the same amount 
as complement B should reactivate A to the same potency as B 
and C. Asa matter of fact it fails to do so, evidently because it 
does not contain the requisite amount of the third component. 


Heredity of the complement-deficient condition 


Moore makes the following statement with reference to the 
heredity of the complement-deficient condition: 
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At the time that this deficiency of complement in the serum of some 
guinea-pigs was discovered, Dr. F. A. Rich, head of the Veterinary 
Department of the Vermont State Agricultural Experiment Station, 
and Ramon C. Downing began a breeding experiment with such 
animals. The results of this experiment have not yet been published; 
I may say, however, that this deficiency in complement was found to 
be a heritable condition. As far as I am aware, the complement- 
deficient guinea-pigs at this Experimental Station are the only ones 
of the kind in existence; we have been able to multiply them by care- 
ful breeding and we have hundreds of them at present. 


In a personal communication, Dr. Rich gave us the results of 
certain crosses which show very clearly that the character behaves 
as a simple Mendelian recessive. His results were as follows: 


709 hybrid offspring all showed normal amount of complement. 

1209 F.’s showed on test 302 with low complement and 907 with 
the usual ranges of titer. 

1401 offspring of the hybrid-recessive mating showed on test 711 
normal and 690 complement-deficient. 

2046 offspring of recessive by recessive mating, all proved deficient 
for complement. 


Dr. Rich adds, 


You will see that these are very satisfactory Mendelian ratios but 
we found in the early part of the breeding that it was absolutely neces- 
sary to test the offspring at a very early age (a few days) because of the 
difficulty of raising the low complement individuals. This lethal 
nature of the deficient character was evident throughout our six years 
of breeding these animals. 


Our breeding experiments corroborate Dr. Rich’s observations 
as to the behavior of this character in inheritance. A single 
Mendelian factor is involved. The ratios substantiate this and 
there is clean-cut segregation of the character involved. More- 
over, the extracted deficient are as deficient as the original inbred 
deficient animals and they breed true to this condition. I have 
obtained the following results: Twenty-four hybrids from defi- 
cient mothers by normal males yielded complement of the same 
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potency as the serum from normal guinea-pigs. These hybrids 
when inbred gave 50 in the next generation, 17 of which were 
deficient and 33 normal. When the hybrids were back crossed 
to deficient males the ratio was 11 deficient to 15 normal. The 
offspring from the extracted recessives were all complement- 
deficient. The sex ratio is near equality and both sexes are 
equally affected. The inheritance is the same, in so far as the 
complement is concerned, whether the transmission is through 
the male or female. 

It will be of interest to point out here that the missing factor 
does not pass through the placenta. A study of the distribution 
of the character to the offspring from the females of the different 
combinations makes this point clear. For example, the hybrid 
offspring from a deficient mother by a normal father were mated. 
A certain hybrid female gave birth to a litter of 4; 3 were like 
the normal, and 1 was complement-deficient. The serum of the 
mother was like that of normal guinea-pigs. Since the deficient 
offspring was born from a mother whose serum was normal with 
respect to its complement content and since only a small percent- 
age of normal guinea-pig serum is required to activate the defi- 
cient serum, it becomes apparent that the third complement con- 
ponent does not pass from the mother through the placenta to 
the offspring. The serum of the young was tested during the 
first forty-eight hours of extrauterine life. It was also found 
that the missing factor does not pass from the fetus to the mother. 
Deficient females were mated to normal males. The offspring 
from this cross are normal and if the third component could pass 
from the embryo to the mother, the serum of the deficient mother 
would become active. Our tests showed, however, that there was 
no change in the complement content of the serum of the defi- 
cient mother during the period of gestation or postpartum. 

It seems, therefore, that the third complement component 
arises de novo and whether or not it is present is determined by 
the inherited genotypical make-up of the individual. We have 
also observed that the serum of complement-deficient young is 
not affected by nursing normal mothers. 
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General observations on the complement-deficient guinea-pig 


In outward appearance and general behavior the deficient 
guinea-pigs are not to be distinguished from the normals. They 
breed readily, the oestrous cycle being about seventeen days and 
in two cases the deficient mother has given birth to young 
before she was one hundred days old, indicating that sexual 
maturity was in this case reached when about thirty days old. 
This is an infrequent occurrence even among normal guinea-pigs. 
The young develop rapidly in common with the normal guinea- 
pigs, often weighing 250 grams or more when one month old. 
The males reach sexual maturity much later than the females— 
when they are three or four months of age. 

Attention has already been called to the statement by Dr. 
Rich concerning the lethal nature of the deficient character. 
One must not conclude from this that the loss of vigor is due to 
the non-complementing activity as such, although Moore’s 
results would seem to indicate that such were the case. Our 
ratios were obtained from tests made on young that had survived 
the weaning time at one month. Despite this fact, the number 
of deficient is in slight excess of the expectation. There were 
10 of the F, and 5 from the back cross that died before the tests 
were made. ‘These facts indicate that differential viability 
played no significant part in the determination of the ratios. 
My experience with guinea-pigs has shown that they thrive best 
at a living room temperature. They do not withstand sudden 
changes in temperature but can be kept at rather cool tempera- 
ture by acclimatization. This is the experience of many breeders 
of these animals, although Tresidder (4) is sceptical ‘‘about the 
marked susceptibility of the guinea-pig to cold.’””? My experi- 
ence with the deficient pigs would indicate that they do quite as 
well as the normal when kept under ideal conditions, but when 
subjected to unfavorable temperatures the deficient are the first 
to succumb. 

The hybrids are, apparently, more vigorous than the deficient. 
Of the 40 pigs received from Dr. Rich in the fall of 1920, only 3 
are surviving. Heavy fatality occurred among them during a 
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cold spell in the fall of 1920 and in the spring of 1921, before ade- 
quate housing facilities had been provided. Of the 40 received, 
all proved deficient except 2. These 2 were found to be heter- 
ozygous. One cannot put too much confidence in such isolated 
observations, but it would seem to be a significant fact that the 
two heterozygous animals are among the only 3 survivors of the 
original lot. 

The lessened resistance which is associated with the deficiency 
of complement applies to other unfavorable conditions to which 
guinea-pigs may be subjected. For example, in collecting blood 
by cardiac puncture the deficient are more likely to succumb 
from intrapericardial hemorrhage than are the normals. The 
fatality for the deficient is fully 20 per cent despite the fact that 
the technic of the operator has been developed to the point in 
which a hundred normal animals have been bled in succession 
with the loss of only 2. 


Incidental observations on the vigor of the stock 


Many mutants are more viable than the parent type, others 
may be more resistant to some spceific infection. It has been 
shown that the truncate mutant of Drosophila melanogaster 
(ampelophila) does not live as long as the wild type (5c). My 
experiments (unpublished) have excluded any possibility of this 
lessened viability being due to the short wings as such. The 
shortened wing is a certain kind of index to the now unexplored 
biochemical make-up of the individual; this bears on the question 
of the complement deficient guinea-pigs. For if the deficient 
stock can hold its own in a fair way by the side of a stock that has 
50 times the complement in its blood, then complement cannot 
play the role in infection and resistance that test tube experiments 
have led us to believe. 

In this connection, it is pointed out that no hesitancy is felt in 
referring to the deficient guinea-pig as a mutant. This opinion 
is based on the results of my own work with Drosophila melano- 
gaster, D. confusa, D. repleta and D. hydet from which more than 
25 mutated stocks have been established, as well as with the 
behavior of the character at hand. I do not share the opinion 
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held by Ruediger (6) and so often expressed in the literature as 
to the extreme variability to be found in the complementing 
potency of guinea-pig serum. My tests made on several hundred 
guinea-pigs (excluding pregnant and postpartum females) show 
that the complement is remarkably constant. Slight variations 
in technic show great differences in potency of complement 
even from the same animal. However this may prove to be, it 
is certain that in the case of the deficient guinea-pig and the nor- 
mal guinea-pig there is a wide difference which can be measured 
by immunological methods with as much certainty as the geneti- 
cist distinguishes between white and black guinea-pigs in his 
study of coat colors. The fact that the complement from the 
hybrid is of the same potency as that from the normal guinea-pig 
and that only deficient animals and animals of normal titers with- 
out intermediate ranges were obtained among the grandchil- 
dren from the crosses, would bear out the foregoing conclusions. 

Ruediger found that by breeding only guinea-pigs with good 
complement his collection was greatly improved for comple- 
menting purposes within three years. He was of the opinion 
that the fixability of the complement was influenced by the kind 
of food the animal received; raw vegetables such as potatoes, 
cabbage or carrots were suitable. The best results were ob- 
tained with mixtures. He further states that “The fixability 
of guinea-pig complement was much better in winter than in 
summer, which may be due to the large quantity of grass fed in 
summer.” I have carried out quantitative determinations on 
the amount of complement in the deficient animals after feeding 
on a grass diet as well as on diets of raw vegetables. The com- 
plement content was not modified as a result of this procedure. 
In this connection it is pointed out that the non-complementing 
condition is not Incompatible with the production of anti-sheep 
hemolytic sera. The complement-free animals, moreover, are 
subject to anaphylactic shock. 


DISCUSSION 


Throughout this paper we have referred to the deficient serum 
as resulting from a missing component. So far as the tests apply 
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the deficient serum behaves as if this element were entirely miss- 
ing, which might imply that the material particle or gene upon 
which the elaboration of this component depends is missing, 
as the presence and absence theory postulates. In the ab- 
sence of direct evidence bearing on this case we prefer to believe 
that the deficient mutation resulted not from a loss but from a 
change in the germ plasm involving possibly chemical config- 
urations, or physical rearrangements. This conception is based 
on the evidence found in a study of a system of multiple allelo- 
morphs. This evidence indicates that the mere presence or 
absence of a gene are not the only two possible states which can 
exist (5b). In the blood the complementing activity is lost but 
the material unit upon which this depends may have changed 
only its physical or chemical state. The fact that guinea-pig 
complement is inactivated by shaking is not opposed to this last 
assumption. 

Since the serum from the hybrid guinea-pig complemented the 
same as the normal guinea-pig, it was pointed out that in trans- 
mission the complementing condition behaved as a dominant 
character. It has been shown that 1 per cent by volume of the 
fresh guinea-pig serum rendered the serum from the deficient 
guinea-pig like the normal. In other words, the blood serum of 
a guinea-pig with a small amount of the missing factor functions 
the same as a serum with a full quota of this factor. This is 
verified by the in vivo activation experiments. What assurance 
have we that the hybrid is as well supplied with the third factor 
as the normal guinea-pigs? Fortunately, the serological titra- 
tions enable one to measure the potency of this factor. The 
hybrids that have been tested in this respect gave exactly the 
same readings as the normal control before and after heating. 

It is well known that when the hemolytic amboceptor is 
increased, less complement is required to effect a given amount of 
hemolysis. Thus, according to Noguchi, the amount of comple- 
ment necessary to hemolyze a unit of red cells is 4, 4, and +) unit, 
when 4, 10, and 20 units, respectively of amboceptor are used. 
I have verified this many times and in addition have found that 
by increasing the number of amboceptor units to from 200 
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to 500, the complement may be reduced to one-twentieth of 
the amount necessary to hemolyze a unit of sheep corpuscles 
sensitized with 1 unit of anti-sheep rabbit serum, titer 1:10,000. 
The answer to the question as to why complement and ambocep- 
tor are quantitatively interdependent involves a fundamental 
conception concerning the function of these factors in hemolysis. 

Bordet claims that the immune serum renders the corpuscle 
sensitive to the toxic influence of alexin. With increasing doses 
of sensitizer the cells are rendered more and more sensitive. 
Consequently smaller amounts of complement are able to effect 
their destruction. The phenomenon is claimed to be one of 
absorption and is dependent upon physical reactions. Our obser- 
vations on the hemolysis that results with large amounts of ambo- 
ceptor and the deficient complement show that the immune serum 
supplies some factor which, codperating with the small amount 
of complement, makes hemolysis possible and that the quanti- 
tative interdependence that exists between amboceptor and com- 
plement is not to be explained entirely on the assumption that 
the corpuscles are rendered more vulnerable to the complement 
in consequence of supersensitization. The fact that a unit of 
cells charged with 2 units of amboceptor becomes susceptible to 
lysis by 0.02 ce. of deficient guinea-pig serum on the addition of 
0.0002 ec. of heated human serum, while in the absence of the 
human serum 0.8 ec. of deficient serum is required, must be at- 
tributed to some property of the human serum other than its 
sensitizer content. The result would seem to find its best in- 
terpretation on the assumption that the human serum supplies 
a connecting bond. The bond in this case is the third comple- 
ment component. 

Our knowledge of heritable characters affecting the blood of 
animals is limited to man. The four well defined groups into 
which individuals of this species can be classified with respect to 
iso-agglutination finds a ready explanation in terms of the segre- 
gation and recombination of two Mendelian factors. The other 
condition known as hemophilia is a sex-linked recessive charac- 
ter involving some agent concerned with the coagulation of the 
blood. The new mutation in the guinea-pig furnishes an excel- 
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lent example of a simple recessive Mendelian unit. In this case 
the gene is identified with the third complement component, one 
of the agents concerned in hemolytic reactions. That the defi- 
cient gene finds identical expression in the soma of all the defi- 
cient animals (or at least affects one part of the complementing 
mechanism in common) is shown by the fact that in many experi- 
ments in which the fresh serum from the different deficient ani- 
mals was mixed, the complementing potency was not restored. 

It is noted that the germ cells of the hybrid bearing ‘‘defi- 
ciency ’’ maintain their individuality with respect to this character 
despite the fact that throughout the period of their reproduction 
and growth they have been bathed and nourished by a liquid 
rich in the very element which nature designed should be held 
and produced normally by the developed zygote. This fact 
serves to emphasize the complete protection of the germ cells, not 
only from the outside world but even from the fluids in which they 
are bathed. The evidence brings to light a relation between the 
blood stream and the germ cells which bears on a recent claim as 
to the inheritance of acquired characters made by Guyer and Smith 
(7), (8). These investigators found an eye defect in some young 
rabbits born from a mother that had been treated during the 
gestation period with an immune anti-rabbit-lens chicken serum. 
This eye defect was transmitted by the affected individual to 
succeeding generations. ‘These writers contend that the defect 
was induced by the “‘sensitized’’ serum, and that the germ 
plasm had been specifically changed. Their argument rested 
on the fact that the germ cells are dependent on the blood stream 
for their nutrition and development; and since the blood stream 
can be readily charged with antibodies of specific affinities, 
the ideal situation was presented for the change to take place. 

Guyer’s results, taken at their face value, would seem to indi- 
cate that the germ cells of the developing young were changed at 
the same time as the lens in the eye. If this is true the germ cells 
of the mother should have been affected in like manner. 

Since the character apparently behaves as a recessive the ques- 
tion could have been tested by breeding the treated mother to a 
defective male. Guyer does not indicate the results from any 
such combinations. 
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With the compiement-free guinea-pig we have demonstrated 
the absolute lack of influence between the third complement 
component and the gene for this character in the germ plasm. 
In so far as this case serves as an index of the relation existing 
between the blood stream and the germ plasm we feel that any 
claim as to the inheritance of an acquired character as a result of 
changes induced through the blood stream should not be accepted 
without rigorous proof. The facts here presented would seem to 
weigh heavily against the interpretation which Guyer has placed 
on his results. 

A corollary to the foregoing propositions that has often been 
raised in connection with Mendelian work has related to the pos- 
sibility of a gene being contaminated as a result of its asso- 
ciation in the hybrid with another gene. If it were possible for 
contamination to occur as a result of the coexistence of two genes 
as many selectionists hold, the hybrid guinea-pig would seem to 
offer the ideal place for such an event to occur. And yet we find 
genes of this hybrid segregated into the same classes that entered 
into its make-up without these units having influenced each 
other in any way. 

It would seem that genes are fairly stable entities; they appar- 
ently have inherent fixed individualities. There is no more rea- 
son to believe that the gene for complement has been modified as 
a result of its coexistence with its deficient allelomorph than that 
the chemical properties of chlorine have entirely changed as a 
result of its having coexisted with sodium in common salt. 


SUMMARY 


1. A stock of guinea-pigs obtained from the Vermont Agricul- 
tural Experiment Station through the courtesy of Dr. F. A. Rich 
has shown a very marked deficiency in complement. Our results 
in this respect are in complete agreement with those obtained by 
Moore and Downing. 

2. Our evidence substantiates the claim of Coca that in these 
pigs the third (heat resistant or yeast absorbed) complement 
component is missing. 
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3. The deficient serum may be activated for hemolytic tests by 
the addition of very small amounts of fresh human, guinea-pig, 
dog, cat, or rabbit serum, but not with the fresh serum of the Ox, 
pig, duck, chicken, pigeon, sheep, frog, goat or mouse. Heated 
human serum is a potent activator. Certain sera have supplied 
as many as 5000 activating units per cubic centimeter. 

4. The deficient serum is activated in vivo by injections of the 
fresh or heated serum from the normal guinea-pig or man. The 
activation is instantaneous after intravenous injections, with 
subcutaneous or intraperitoneal injection the activation is from 
four to eighteen hours later. The animal returns to its previous 
non-complementing state after three or four days. 

5. Complement-deficient serum is lytic for red corpuscles pro- 
vided that large quantities of sensitizing serum are used. The 
deficient serum becomes active under these conditions because 
the sensitizing serum supplied the factor which the deficient serum 
lacks. This factor seems to be the third or thermostable comple- 
ment component, since (a) hemolytic sera that are capable of sen- 
sitizing corpuscles for the complement-deficient serum lose this 
power after treatment with yeast, although the hemolytic titer 
has not been reduced, (b) serum heated above 56°C. loses its 
power to react with deficient serum while it is still very potent in 
reactions with normal guinea-pig serum, (c) on aging, hemolytic 
sera become non-reactive with the deficient serum but retain the 
power to react with normal serum, and (d) a very potent hemolytic 
serum was encountered which would not sensitize corpuscles for 
the complement-deficient serum regardless of the number of hemo- 
lytic units added to the reaction. This evidence denies Ecker’s 
claim to the effect that the susceptibility of the corpuscles to the 
lytic action of the deficient serum is due to supersensitization 
per se. 

6. The third complement component would seem to share cer- 
tain properties usually attributed to enzymes since it brings 
about changes out of all proportions to the amount involved. 
This component although produced by a living organism, is not 
in itself living in the sense that it possesses independent power 
of growth and reproduction. It effects changes not merely by 
virtue of its quality but also by virtue of its quantity. 


286 ROSCOE R. HYDE 


7. The complement-deficient guinea-pig would seem to hold 
its own quite as well as the normal when kept under ideal condi- 
tions but succumbs more readily when the environment is adverse. 

8. The complementing condition of the deficient guinea-pig is 
not modified as a result of keeping the animal on a diet of grass, 
raw vegetables, etc. 

9. The complement-deficient condition behaves in heredity as 
a simple recessive Mendelian unit which gives clean-cut segre- 
gation from its normal allelomorph. 

10. The third complement component does not pass through 
placenta from mother to offspring. Neither does it pass from 
the fetus to the mother. The third component is of autoch- 
thonic origin and whether or not it is present is determined by 
the inherited genotypical make-up of the zygote. 

11. The recent claim of Guyer to the effect that acquired char- 
acters impress themselves on the germ plasm by way of the blood 
stream finds no support in light of the clear-cut lack of influence 
which is shown to exist between the third complement component 
in the blood and the gene for this character in the germ plasm of 
the guinea-pig. 
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In a previous paper (1) it was pointed out that certain pub- 
lications seemed to indicate that some of the forms of hyper- 
sensitiveness in human beings (asthma, dermatitis venenata) 
are rare among the American Indians. It was thought that 
investigation of this apparent radical difference might produce 
some information regarding the nature of the different forms of 
specific human hypersensitiveness as well as some indication of 
the relation of the American Indian to the other human races. 
An experimental study of the occurrence of serum disease in 
26 volunteer full-blooded American Indians indicated that the 
Indian race is much less susceptible to that condition than is 
the white race. 

That the American Indian is only slightly susceptible to 
poison ivy was indicated by the report of Lain (2) in which he 
states that though the Indians frequently apply quite freely 
on their faces and other exposed parts paints and dyes made 
from wild plants, berries, etc., the skin of the Indian is apparently 
almost immune to the poison ivy. Answers to a questionnaire, 
as previously cited (1), from eleven physicians and one super- 
intendant of an Indian School tended to confirm this view. 

A means of eliminating the variable factor of natural contact 
_ with the exciting agent and at the same time of making a direct 
determination of the relative susceptibility of the two races 
was afforded by the convenient “‘ patch test’”’ of Dr. Cooke (unpub- 
lished clincial studies) which has been shown by Coca (8) and by 
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Spain (4) to be a reliable test for individual susceptibility to ivy 
poisoning. Hence it seemed desirable to use this method for 
the further comparative study of the two races. 

The test was carried out by applying the resinous extract of 
poison ivy leaves (Toxicodendron radicans L.) to a small area of 
the skin on the anterior surface of the forearm. The area was 
protected with adhesive. Since the extract is quite soluble in 
the adhesive material, a reversed square of adhesive was inter- 
posed so that only the canvas came in contact with the extract. 
The adhesive patch was kept in place at least two days. 

The extract was prepared by immersing young ivy leaves in 
chloroform or toluol, in both of which the active agent is soluble. 
After twenty-four hours the leaves were removed by filtration 
through paper and the filtrate was evaporated in a shallow dish 
before an electric fan until a semi-solid, sticky residue re- 
mained. Less than two months elapsed between the preparation 
of the extract and its use. The same preparation was 
used throughout. 

The test was carried out on 227 American Indians from 32 
tribes, Navajo, Pueblo, and Apache predominating. Only indi- 
viduals who were listed in the government records as full-blooded 
were selected, and some who were so listed were rejected because 
it was suspected that they might be breeds. The list, then, 
comprises only full-blooded Indians, so far as it is possible 
to determine, and probably represents a high percentage of 
purity. The ages ranged between fourteen and about twenty- 
four years. The members of the white race who were tested were 
mainly students in the classes of Dr. N. P. Sherwood at the 
University of Kansas. No white individual under fourteen years 
of age was tested. 

In table 1 are listed the results of tests with poison ivy extract 
on Indians and whites. Definite erythema with itching was con- 
sidered a positive reaction. Observations were made as nearly 
as possible on the fifth day after applying the extract. 

Table 1 shows that of 227 American Indians tested with poison 
ivy extract 56 per cent gave positive reactions; and of 46 white 
individuals 58.8 per cent gave positive reactions. 
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These tests, then, indicate that the American Indian race 
differs slightly, if at all, from the white race in susceptibility to 
poison ivy. 

It is a pleasure to express our indebtedness to Mr. Clyde M. 
Blair, superintendent of the Chiloceo Indian School, Chilocco, 
Oklahoma; James Jonas, Ray Colglazier and Miss McCormick, 
disciplinarians; Rose Daugherty, superintendent of guest quarters 
at Chilocco Indian School; to Mr. Reuben Perry, superintendent 
of United States Indian School, Albuquerque, N. M.; Mr. Vigil 
and Mrs. Hickson, disciplinarians: to Mr. H. B. Pearis, superin- 
tendent at Haskell Institute, Lawrence, Kansas; Dr. Lawrence 


TABLE 1 
2 a Se ee ey a oe eS OA a 
DAY NUMBER POSITIVE ao eae OBSERVED 
OBSERVED TESTED |REACTIONS POSITIVE BY 
Chilocco Indian School.......... 4 50 36 72 Hy HIVE 
School at Albuquerque.......... 5 80 32 40 A. M. W. 
Haskell Institute:....:.. 22.25.60. 4or5 97 59 60.8 OED: 
PUUINGHANS = 52 eee foe 227 127 56 
VLEET eh a conten 5 or 6 46 27. || BBWS | Ose 


White and Dr. A. J. Anderson, physicians; Mr. Peru W. Farver 
and Miss Anne F. Ritter, disciplinarians at Haskell: and also 
to the volunteer Indian students of the various schools, for the 
splendid co6peration which they gave in the execution of this 
work as well as in the blood grouping tests reported in another 
paper (5). 
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The studies of Landsteiner (1), Decastello and Sturli (2), 
Jansky (3), Moss (4), von Dungern and Hirschfeld (5) and others, 
have established the fact that there are four different groups of 
human individuals with respect to the isoagglutinating and iso- 
agglutinable blood elements. In 1919, L. Hirschfeld and H. 
Hirschfeld (6) studied a number of soldiers belonging to the Allied 
Armies in Macedonia, and found that there was a remarkable 
difference in the blood grouping in the different races. The pro- 
portion of A (in the corpuscles of groups II and IV!) to B (in the 
A+AB i I+ 1V ae 
BEAR! Th eay 
called by them ‘‘the biochemical race-index,’’ and the race, in 
which the index amounted to more than 2.0 was called ‘‘of Euro- 
pean type,’’ and that, from 2.0-to 1.0, “‘of intermediate type”’ 
and that, less than 1.0 ‘‘of Asio-African type.” 

In 1921, F. Verzar and O. Weszaczky (7) discovered in Hun- 
gary that the biochemical race-index of persons descended from 
the same racial origin was practically the same and that influences 
such as geography, climate or food could never alter the index. 

The following study was made to find the biochemical raee- 
index in Koreans, Manchus and Japanese. The method of inves- 


corpuscles of groups III and IV); i.e., 


‘In this article the isoagglutinins and isoagglutinable elements have been 
designated with the letters originally given them by Landsteiner and recognized 
in the later extensive studies of von Dungern, of the Hirschfelds and of Ottenberg. 

The group numbering is that of Jansky, which has been officially adopted by 
the American Association of Pathologists, the Society of American Bacteri- 
ologists, and the American Association of Immunologists. 
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tigation was as follows: The a and b sera were obtained from a 
group III and a group II individual respectively. To 9 ce. of 
each serum 1 cc. of 3 per cent saline solution of carbolie acid 
was added in order to prevent the production of bacterial hem- 
agglutinin. These were used as standard sera. Then, a few 
drops of blood taken from the ear lobe of the persons for test were 
added to about 2 cc. of saline solution containing 2 per cent of 
sodium citrate, and the blood was washed twice with saline 
solution. A 20 per cent suspension of the blood corpuscles was 
made. Two drops of the a and b sera were separately mixed 
with one drop of the corpuscle suspension. In case agglutination 
occurred in both mixtures, the blood of the person was grouped 
as AB. In case no agglutination occurred, the blood was grouped 
as O. And in case agglutination occurred in the a serum but not 
in the b, the blood was grouped as A and, if reverse, as B. The 
age of the persons that were studied was above ten. The 
standard sera were often examined with my own blood to see 
whether they were intact or not. The result of the examination 
of Koreans is shown in table 1. 

Judging from the index of table 1, Koreans are of intermediate 
type (of Hirschfeld), though not far from Asio-African type. 

The result of the study of the Manchus (including people of 
Fengtien, Kirin and Hei-Lun-Kiang) is shown in table 2. 

From table 2, it is evident that the Manchus belong to Asio- 
African type. 

The result of the study of the Japanese is shown in table 3. 

From table 3, it is evident that the Japanese belong to an inter- 
mediate type that is quite different from that of the Koreans and 
Manchus. It is noteworthy, however, that the biochemical race- 
index gradually decreases in Japan from south to north. The 
meaning of this fact will become clear, if the race-index is exam- 
ined in the southern part of Korea, the northern part of Man- 
churia, the districts of Mongolia and Siberia, since the Japanese 
have some racial relation to the people in those places. 

The blood of some people of Chih-Li, Shan-Tung, Hu-Nan 
Ho-Nan, Kiang-Su, and An-Hweih was also examined by the 
author in Moukden the result of which is here preliminarily 
reported (table 4). 
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TABLE 1 
Koreans 
A(II) B(IIT) AB(IV) O(D 
NAME OF PLACE TOTAL § =] 3 r= § r=] 3 = ; :: a3 
I 3 g 8 F 8 g 3 
Ee} 5 } a 5 5 3 5 
Z AY Z A Z A Z av 
Motalsess|) 179 64/35.75| 45 (25.13) 26 |14.52] 44/24.58! 1.26 
Seoul; Man..... 121 43/35 .53] 27 |22.31| 21 |17.35] 30 125.61) 1.33 
Woman 58 21/36 .20} 18 |31.20) 5 | 8.62) 14 |24.13] 1.13 
Total....| 184 55/29 .89] 51 |27.71) 20 |10.86] 58 131.52] 1.05 
Phyeng-yang; Man..... 100 30/30.00} 33 |33.00} 11 |11.00) 26 |26.00] 0.93 
| Woman 84 25/29 .76] 18 |21.42} 9 |10.71] 32 138.09) 1.25 
Sim coal. a. ohos.ato: 363 | 119/32.78) 96 |26.44] 46 |12.67 102/28 .09 1.16 
TABLE 2 
Manchus 
A(IT) B(IIT) AB(IV) O(1) 
be = = BE be So mB eS A+ AB 
NAME OF PLACE ToraL | & g g s g a 8 S BAB 
g ° Eg ° g ° 8 ° 
3 be =} H =} a S & 
i ay Z py Zi rv Z Ay 
Total........]| 199 | 53 |26.63] 76 |38.19] 17 | 8.54! 53 126.63] 0.75 
Moukden; Man......... 127 | 33 |25.98) 48 |37.79| 12 | 9.44] 34 126.77] 0.75 
| Woman. aes 72 | 20 |27.77| 28 |38.88!] 5 | 6.94] 19 |26.38] 0.75 
TABLE 3 
Japanese 
NAME OF PLACE TOTAL A(II) B(IIT) AB(IV) Od) ; : = 
per cent per cent per cent per cent 
De 353 40.5 16.0 20.0 24.0 1.68 
‘SLeTn0 GN ae eo eee oe BY 0) 19.2 11S 32.5 1.58 
MoKMOK as ss eves ie. css 170 45.3 20.2 10.6 24.1 1 rer 
UMN oe ce ees 40.9 18.4 13.9 26.8 1.69 


The province of Nagano (studied by Hara and Kobayashi (8)) is situated in the 
middle part of Japan. 

Sendai (studied by Matubara (9)) is located in the northern part of Japan. 

Fukuoka (studied by the author) is situated in the southern part of Japan. 
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Among the Central Chinese, 33 persons of Shan-Tung and 12 
persons of Hu-Nan, Ho-Nan, An-Hwei and Kiang-Su were 
examined, with the result shown in table 5. 

Although I can not draw a final conclusion from these results, 
as the number of persons examined was very small, the race-index 
seems to increase from the Manchus (north) to the Central Chi- 
nese (south). A future study on the race-index of more persons 
of Central Chinese origin may confirm this fact and then the 
race-index of Chinese and Japanese can be definitely compared. 


TABLE 4 
Chinese 
A(II) B(III) AB(IV) od) 
NAME OF PLACE TOTAL | © 7) o = 3 3 ® >= 
|} 8 |-E) Ba 8) ge ete 
AS eal ee Va-A R-tree og ae 
Chihsbie, .hso8.. See oo 10 |28.57| 9 |25.71) 3 | 8.57) 13 |37.14) 1.18 
TABLE 5 
Chinese 
A(II) B(III) AB(IV) Od) 
be » is] ~~ be » he vey A + AB 
NAME OF PLACE TOTAL ig 5 s a 3 8 oe 5 B EE AB 
g © =| ° g © | © 
E + 5 5 3 k 5 i 
Z Ay Z Ay Z Ay Z Ay 
(OF SFr gee NPR Se a a 45 17 |37.77| 11|24.44) 3 | 6.66} 14 /31.11| 1.42 


To summarize the foregoing studies, the blood type of the 
Koreans is quite near the Asio-African, as it shows a very low 
intermediate type while that of Manchus is Asio-African. It is 
evident, therefore, that there is a marked difference between 
the race-index of the Japanese and that of the Koreans or 
Manchus. 

REFERENCES 


(1) LaNpsTEINER: Wien. klin. Ws., 1901, 1132. 

(2) DecasTELLO AND Sturuti: Muench. Med. Woch., 1902, 1090. 

(3) JANsKy: Sborn. Klin., 1907, 8, 85. 

(4) Moss: Bull. Johns Hopkins Hosp., 1910, 21, 63. 

(5) von DUNGERN AND HirscHFELp: Zs. f. Imm., 1910-1911, 8, 526. 

(6) HirscHre np, L. anp H.: Lancet, 1919, 2, 675. 

(7) Verzar, F. anp WeszeEczxy, O.: Biochem. Zeitschrift, 1921, 126, 33. 
(8) Hara AND KospayAsut: The Iji-shimbun (Medical News), 1916, 937. 
(9) Matupara: Japanese Journal of Surgery, 1920, 21, 443. 


THE VACCINE TREATMENT OF ASTHMA! 


FRANCIS M. RACKEMANN anp LILLIAN B. GRAHAM 


Boston, Massachusetts 


Received for publication April 14, 1923 


The literature dealing with human sensitization and allergy 
contains an abundance of articles dealing with the differential 
diagnosis of the different varieties of asthma and with broad 
suggestions as to their treatment, but the reports showing the 
actual results of treatment, particularly of vaccine treatment, 
are few. 

In 1919, Walker (1) stated the results in a total of 178 patients 
treated with vaccines; of these 28 were sensitive to bacterial 
proteins and after treatment with a stock vaccine made from 
the corresponding organism, 75 per cent were relieved of asthma 
and 21 per cent were improved. Of the remaining 150 patients 
non-sensitive to bacterial proteins 40 per cent were relieved 
and 20 per cent were improved. Most of these were treated 
by an autogenous vaccine. This is the largest reported series 
in the literature. Montgomery and Sicard (2) treated 16 cases 
with autogenous vaccines and 75 per cent were cured. Hutche- 
son and Budd (3) using a vaccine made by incubating a mixture 
of 1 cc. of washed sputum with 10 cc. of serum broth which was 
then killed and standardized, treated 20 cases, of which 12 were 
completely relieved and 5 were greatly improved. Rogers (4) 
writing in the British Medical Journal claims good results in 
over 52 per cent of his 40 patients. He also used an autogenous 
vaccine made from the sputum. Wickett, Corley and Connell 
(5) treated 13 cases with autogenous vaccines, 10 of which showed 
complete relief. 

The chief reason why those treating asthmatics have hesitated 
to publish definite results of their treatment is the great difficulty 


1 From the Medical Services of the Massachusetts General Hospital. 
295 


296 FRANCIS M. RACKEMANN AND LILLIAN B. GRAHAM 


of determining whether or not any one particular measure is 
responsible for the change in the patient’s condition. Bronchial 
asthma is a disease characterized by attacks which recur and 
which clear up slowly or suddenly. These attacks may be of 
long duration or of short duration. Their cause may be known 
or not. When a patient first reports for treatment it is difficult 
or almost impossible for the doctor not to give him advice or 
drugs which alone may have a definite effect upon the disease. 
A week in bed in the hospital ward often results in a virtual cure. 
The rest and easy breathing during the stay improves the 
patient’s general condition to such an extent that unless he is 
sensitive to some dust, he can get along at home often for con- 
siderable periods without much asthma. How frequently 
potassium iodide is prescribed on the day of the first visit and 
of the first dose of vaccine and how frequently on the same day 
the patient’s diet is adjusted and he is advised to rest at least 
one hour at noon time! 

Referring more definitely to vaccines, other factors may be 
of importance. Several patients are quite delighted with the 
results obtained during this winter of 1922-1923. According 
to their history they have in the past been free of asthma during 
the winter. They were treated this year only because during 
the winter of 1921-1922, asthma hung on until Thanksgiving, 
a complication which has this year been prevented. Differences 
in the particular winter season may be afactor. A trip to Florida 
often makes the patient feel that vaccines are ‘‘wonderful.”’ 
From the above it is evident that there is no good check upon 
the results of vaccine treatment. It is with these facts in mind 
that the following report is presented. 

Asthmatics in this series have been selected for vaccine treat- 
ment mainly by exclusion. Those treated in this way are those 
in whom foreign proteins are not a factor, who have no focus of 
infection, whose diet and whose habits and mode of life are 
already so regulated as to preserve the general health as far as 
possible. They may be divided into three clinical groups: 
first, those with chronic pulmonary emphysema including a 
barrel-shaped chest, hyperresonance and more or less cyanosis; 
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second, those in whom a chronic cough is the predominant fac- 
tor, the wheezing being apparently a secondary matter, and 
third (the largest group), those with asthma but without per- 
manent emphysema. 

The following discussion of results does not distinguish be- 
tween the clinical groups although the tables will show the age 
of each patient and the group to which he belongs. So far there 
is no way of telling in advance whether vaccines are going to 
help a given patient or not. 

Treatment may be with stock vaccines or with autogenous 
vaccines and the choice is undoubtedly important but as we know 
so little of the mechanism involved, the choice of method is so 
far not defined. 

Autogenous vaccines are made from the sputum as follows: 
Fresh sputum is collected in a sterile bottle. Suitable thick 
portions of this sputum are teased out and are then broken up 
and mixed on the edge of a rabbit-blood agar plate. From this 
edge streaks with a clean sterile loop are made across the plate 
following the “‘sun burst’’ pattern. In this way the colonies 
are separated so that they can be easily “fished”’ and transplanted 
to the sections of a second plate. The growth on this second 
plate can be observed for its purity and from it an abundance 
of material is available for further transplants. The vaccine 
for treatment is made by inoculating a tube of dextrose broth 
from the second plate and washing the twenty-four-hour growth 
in this broth three times with salt solution containing 0.5 per 
cent carbolic acid. The growth is then suspended in this car- 
bolised saline and is killed by heating to 56°C. for one hour. 
The vaccines have been made to contain approximately two 
billion organisms per cubic centimeter although no attempt at 
accurate standardization has been attempted. It is easy to 
make from 4 to 6 different vaccines for each patient and the 
question of selecting the proper vaccine for treatment then 
presents itself. 

In 1920 one of us (6) stated that vaccines in asthma were 
successful in accordance with the production of a local reaction 
following their injection. At that time the use of intradermal 
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tests as a method of selecting the proper vaccines was advocated. 
Since then this method has been found unsatisfactory for the 
reason that certain vaccines show large local reactions in each 
and every individual and consequently the present technic is 
to inject the patient subcutaneously with small equal doses of 
each and every vaccine made and to study any local reactions 
which appear in twenty-four hours; the degree of redness and of 
swelling indicates whether or not the corresponding vaccine 
should be used for further treatment. The test doses have been 
set arbitrarily at 0.25 ec. corresponding to about five hundred 
million organisms. 

The treatment itself has consisted of further doses of vaccine 
given at intervals of five to seven days. ‘The size of these doses 
has been determined entirely according to the amount of local 
reaction in the arm which followed the previous dose. The 
object has been to inject such a quantity of vaccine that a local 
reaction about the size of a silver dollar is produced each time. 
When the previous reaction was less than a dime the next dose 
was usually doubled but where the previous local reaction was 
larger than a silver dollar, the next dose has been increased less 
or not at all. 

While it has not been uncommon to reach a dose of two billion 
organisms on the third injection, such a dose has in most cases 
not been reached until the fifth or sixth injection. ‘The series 
of treatments has been continued until a very definite improve- 
ment in the patient’s condition became evident or until the total 
dosage reached 1.5 cc. or two billion organisms without any such 
change in the patient’s condition. In the event that 6 doses of 
good size have been given without benefit and without local 
reactions, experience has shown that further treatment with this 
particular organism is of no avail. 

On the other hand where initial improvement has been mani- 
fest, recent experience has justified the continuation of vaccine 
treatment over considerable periods of time. It is felt that 
relapses so common in the past can be prevented. So after a 
preliminary intensive series of 6 to 10 inoculations, the intervals 
between the doses have been gradually lengthened up to a 
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month, provided only that the patient has remained free of 
asthma during the interval. It has been found that patients 
who are doing well will report at the end of a month saying 
that they are not entirely free of a slight wheeze or cough. 
We feel that 1 or 2 additional doses given at this time and at 
other long intervals serve to maintain the improvement al- 
ready gained. 


TABLE 1 


Treatment of asthma with vaccines; total results in relation to local reactions following 
treatment 


AUTOGENOUS 


: E STOCK 
Organism Organism not 


predominant predominant GRAND 


RESULTS OF TREATMENT —————— TOTALS 
Poval loved pe ESAT | tosel 
7 Te- . re- . re- 
Beuon action | 2¢tion action | #¢tion action 
ete (CULE). ois. cc a 2 0 1 1 5 0 
++-+ (much improved).... 9 0 8 3 11 0 
improved ess. s.22 2 5 0 2 0 6 0 
+ (temporary relief)... 6 0 12 0 6 0) 
Total improved I SE er ed 22 0 Ze 4 28 0 = 77 
PPO MAPTOVEM 5,4 0).0,8 -nssaus he, 0 7 5 29 1 12 a 
Patalcdsess9 4 242th, 22 Ui 28 33 29 12 =o 
29 61 4] 


Figures show number of cases treated. 


There is no question but that successful results following vac- 
cine treatment occur only in those cases in whom the test dose 
and the subsequent inoculations are accompanied by a consider- 
able local reaction in the patient’s arm, which consists usually 
of a red swollen area at least 14 inches in diameter. 

The charts and tables bring out the relation between good 
results and local reactions following the therapeutic doses. 

Table 1 gives the results in the entire series. To the left are 
the results following autogenous vaccines. When there is a 
predominating organism, a vaccine from which produces a 
local reaction there is a good result in each case, but if the pre- 
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dominating organism fails to give a local reaction, good results 
are absent. Even when there is no predominating organism 
a local reaction following treatment is accompanied by good 
results in most of the cases whereas without any local reaction 
the results are usually bad. 

The same principle holds with regard to stock vaccines. On 
the right of table 1 we see that where a local reaction followed 
the treatment, the results are good in all but 1 of the 29 cases, 
but where there was no local reaction, none of the patients were 
benefited. 

Table 2 shows the results in the 22 cases in which a local 
reaction followed treatment with a vaccine made from the 
predominating organism. Note that this table includes 4 patients 
with emphysema; that it includes 6 patients who were over 
fifty years old at the time of treatment and that it includes 4 
children. The variety of organisms which predominated is 
striking. In several patients, other autogenous vaccines were 
used at the same time as the one made from the predominating 
organism, usually because the local reactions produced by this 
other vaccine were also large. The number of treatments 
varied. A question mark indicates that they were given by 
other doctors. While all these patients were improved, the de- 
gree of their improvement was by no means always marked. 
Two are apparently ‘“‘cured.”” Both were boys of eleven who 
were treated with a vaccine made from predominating non- 

‘hemolytic streptococci. One (G. U.) received through the 
winter of 1919-1920 a total of 10 doses and 4 additional doses 
were given during the spring. During the past three years he 
has had no asthma at all, whereas before the treatment, colds 
would occur each month and would be accompanied by asthma 
severe enough to keep him in bed for periods of from three to 
seven days. The other boy (D. E.) was treated during the early 
part of 1919 and again in 1920. Each time the doses stopped 
his attacks. In 1922 he had two bad colds and was given 4 
doses of a vaccine made from another non-hemolytic streptococ- 
cus which was again predominant in his sputum. With this 
relapse, however, the asthma was not severe. This year (1923) 
he has been well. 
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Nine patients were much improved. In 5 others, however, 
the improvement was only slight and in 6 the improvement 
was temporary—real success therefore in only half the number. 

Table 3 shows the type of cases and the bacteriology in 7 
patients who were treated with a vaccine of their predominating 
organism without a local reaction and without improvement. 

Table 4 shows 23 patients who were treated with one or more 
autogenous vaccines made from organisms which were not pre- 
dominant in the sputum but these vaccines did produce a local 
reaction and ultimately brought about considerable relief. 
The patient who was ‘‘cured” was one of the early cases (G. E. 
S.) a colored boy of thirteen who in October, 1919, received only 
4 treatments with a mixed vaccine made by planting his sputum 
on a Loeffler’s blood serum slant and using the entire growth. 
He has had no asthma whatever since the treatment. Eight 
other patients were much improved, but in 14 the improvement 
was only slight or temporary so that only 39 per cent were really 
benefited. As stated above, however, it is not impossible that 
had the treatment been carried on over a longer period, some 
of the results which have appeared to be only temporary, might 
have been made permanent. 

These 23 cases treated with an autogenous vaccine without a 
predominating organism include 9 with emphysema, 3 of whom 
were over fifty years old and 1 of whom did well. They include 
4 children, 1 of whom has been ‘‘cured”’ as noted above and the 
others markedly benefited. It is interesting that the types of 
organisms used for treatment in all except 3 cases were strepto- 
cocci. 

The fact that 4 patients have been very definitely relieved 
by vaccines which produced very little if any local reaction 
after injections is, in our experience remarkable (table 5). The 
patient who was ‘‘cured”’ was a slender delicate youth of twenty 
who was treated in October, 1922, with a green-producing strep- 
tococcus which was not predominant—the treatment being 
carried on because of his definite and continued improvement. 
During the treatment he stopped having asthma and gained 
over 10 pounds in weight. The word ‘cured’ is, however, 
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hardly applicable as a letter written in April, 1923, six months 
after the treatment reports two slight attacks of asthma during 
this winter. The patient with emphysema was a doctor sixty 
years old whose asthma had practically incapacitated him. 
At present he is not ‘‘cured’”’ but he is much better and able to 
carry on. 

The results obtained by stock vaccines are not given in detail. 
The general procedure has been entirely similar to that em- 
ployed in the treatment with autogenous vaccines. Three, 
four or more stock vaccines are selected—usually a Staphylococcus 
aureus, a mixture of different green-producing streptococci and 
a mixture of various hemolytic streptococci; occasionally non- 
hemolytic streptococci, pneumococci or Micrococcus catarrhalis 
have been used. Small test doses of each vaccine are given 
subcutaneously and further treatment is carried out according 
to the reactions obtained. Here again the success of the treat- 
ment goes hand in hand with the size of the local reactions pro- 
duced. In 29 cases a local reaction to one or other stock vaccine 
was produced and treatment was successful in all but 1 case. 
Five of these patients were “cured” and 11 have been definitely 
benefited—a percentage of 57. While in 6 the results were 
only fair and in 6 others slight. In 12 cases, stock vaccines 
failed to produce a local reaction and there was no improvement. 
The 5 “cured” cases are worthy of special note: 


Mrs. S., age forty-eight, had asthma for twelve years and also 
arthritis. A non-hemolytic streptococcus steck vaccine was given in 
1920 and 1921 with considerable local reaction and for one year she has 
remained free of asthma and of arthritis. B.E.M.,a woman of forty- 
three, had asthma associated with “colds” for two years, when in 
September, 1921, she was found to give a large local reaction to a mixed 
green streptococcus stock vaccine and treatment with this vaccine given 
by her own doctor has resulted in an apparent cure in that she has now 
gone for over sixteen months without asthma. 

The three other ‘‘cured”’ cases are all children. A girl of twelve has 
had no asthma for over fourteen months following 6 doses of a mixed 
green streptococcus vaccine each dose of which produced a large local 
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reaction at the site of inoculation. Before the treatment, her attacks 
had occurred on an average of once in three weeks without relation to the 


seasons, 

A boy of eight, subject to frequent colds aggravated by asthmatic 
attacks, has had no further trouble for over a year after receiving 7 
doses of a stock Staphylococcus aureus vaccine to which he gave moderate 
reactions. 

A child of three was entirely well for a year and a half after 5 doses of a 
stock Staphylococcus albus vaccine. At that time, however, this child 
had another attack following which 3 additional doses of a similar vac- 
cine were given—the local reactions consisting of large red areas which 
persisted for forty-eight hours. Since this second series, he has passed 
a whole year with no further trouble. 


Both stock vaccines and autogenous vaccines have been used 
in different courses in the same patient and we have observed 
repeatedly not only that an autogenous vaccine has helped the 
patient where a stock vaccine has failed: but also, and this is 
of greater importance although less common, that a stock 
vaccine has helped where an autogenous vaccine has failed. This 
is probably explained by the fact that the first course of treat- 
ment was not accompanied by the local reactions, which did 
accompany the second course. 

The type of sputum found in asthma varies considerably. In 
general it is either thick and purulent or thin, watery and mucoid. 
Its gross appearance is of some importance as it indicates the 
degree of bronchial infection. In the absence of acute disease, 
thick purulent sputum is found most often in patients with 
emphysema where there probably are small areas of bronchiec- 
tasis in the lungs. The mucoid type is found in patients with 
simple asthma who have comparatively little bronchial infec- 
tion. Between these two principal types all varieties of inter- 
mediate specimens occur. As regards any gross features of 
the sputum characteristic of asthma, it might be said in passing 
that the pearls of Laennec as well as Curschmann’s spirals and 
Charcot-Leyden crystals were not frequently found. The 
finding of an increase in the eosinophile cells was, however, 
very common and occurred especially in mucoid specimens. 
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When the bacteriology of the sputum in asthma is studied 
and compared with the gross character, several interesting ob- 
servations can be made. 


TABLE 6 
Showing the numbers of sputa of both thick and thin types having the bacteriology as 
indicated 
THICK PURULENT THIN WATERY 


Predominating Other organisms* EGRET Other organisms* 


organism organism 
Non-hemolytic Streptococcus... 9! Non-hemolytic Streptococcus.. 36 
Streptococcus, 6 streptococcus 7 
Green strepto- Streptococcus Green strepto- Streptococcus 
COCCUSHa- =. 14 and staphylo- coccus....... 12} and _ staphy- 
: COCCUS! 44062 9 lococcus..... 12 
Slightly hemoly- Streptococcus Slightly hemo- Streptococcus 
tic strepto- and diphthe- lytic strepto- and large 
coccusf....... 2 EOIG 27. SSIS 1} coccus...... 7| gram-negative 
bacih? . os... a 
Hemolytic strep- Streptococcus Hemolytic 
GOCOCCUS. .--- 1 and influenza streptococcus 5 
bacillus...... 1 
Pneumococcus.. 3 Pneumococcus. 1 
Influenza bacil- Influenza bacil- 
NIG, SG eaoesnae 10 RUBS eictaes 2 
Staphylococcus. Staphylococcus 
GUTEUS'. 12 ele - 6 GUTEUB es 2 
42 20 38 44 
Total thick purulent sputa, 62 Total thin watery sputa, 87 


Total sputa, 149 


* No attempt is made to differentiate the varieties of the various streptococci, 
and other organisms under this heading. 


+ Refers to a streptococcus which produces only a very narrow zone of hemoly- 
sis on a blood agar plate. 
t See footnote ft under table 2. 


Table 6 represents a summary of such a study. First of all 
predominant organisms occur in over two-thirds of thick puru- 
lent sputa whereas they occur in less than one-half of the thin 
sputa. Allowing for the differences in total numbers the figures 
given for streptococci in the two series are reasonably compar- 
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able although hemolytic streptococci are more frequent in thin 
sputum. On the other hand pneumococci, influenza bacilli 
and staphylococci are very definitely more common as a pre- 
dominating organism in thick sputum than they are in thin 
sputum. In the column marked ‘other organisms” there are 
large numbers of streptococci in thin sputum. Many times it 
is difficult to estimate whether a certain colony is predominant 
or not so that the numbers given for other organisms in thin 
sputa are large while the number of predominant streptococci 
is rather small. Streptococci are more numerous and more 
diverse in thin sputum. The very small number of pneumococci 
found is due entirely to the method. It will be recalled that 
Stillman (7) was able to recover pneumococci from sputum by 
mouse inoculation in 47 instances in none of which were these 
organisms demonstrable by direct sputum culture on a rabbit- 
blood agar plate. 

It is the rule to find that the character of the sputum changes 
with the change in the patient’s condition, but it is not possible 
to say whether the sputum change is due to the treatment. One 
patient, a doctor, with a chronic bronchitis and some bronchiec- 
tasis has been followed for two and one-half years. During 
this period, examinations of his sputum have been made at least 
once in six months and occasionally at weekly intervals. When 
first seen, his sputum was almost pure pus and contained a type 
III pneumococcus in practically pure culture. He has been 
given a vaccine made from his own organism in large doses which 
have produced a moderate local reaction. He is improved, but 
is still subject to exacerbations which are however of short 
duration. During these exacerbations, his sputum shows on a 
rabbit-blood agar plate an almost pure culture of the type III 
pneumococcus, but when the attack passes off, the sputum 
becomes less purulent, and although the type [1] pneumococcus 
is almost always present it is mixed with various streptococci, 
on several occasions with influenza bacilli and recently with 
staphylococci. In other words prolonged vaccine treatment 
has failed to kill off the corresponding organism and yet the 
patient maintains that the treatment has improved his general 
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condition and has made it possible to carry on his work without 
the loss of time so frequent before treatment. Incidentally no 
agglutinins for the type III pneumococcus have been found on 
two occasions in his blood serum with the technic used. The 
sputa of other patients has likewise been examined repeatedly 
but with no striking results. It may be said that when the 
sputum becomes less purulent, the bacteriology becomes more 
varied and streptococci increase relatively. On several occa- 
sions different plates have been made at short intervals. The 
lack of close duplication is probably due to the difficulties and 
inaccuracies of the method. In this study the sputum has not 
been washed before inoculating the original plate, which may 
explain our discrepancies, although we find that careful selection 
of the proper sample together with proper emulsification on the 
plate gives comparable results when different plates are inocu- 
lated from the same specimen of sputum at the same time. 


DISCUSSION 


There are at least three theories by which the beneficial 
action of vaccines in asthma may be explained. First, asthma 
may depend upon a low grade infection of the bronchial mucosa. 
This infection causes a direct local irritation of the nerve endings 
or perhaps of the muscles in the bronchi, or it may result in the 
absorption of toxins which bring about the same irritations 
indirectly. In either case the vaccine theoretically stimulates 
an active immunity toward this infection. From what we know 
of the lack of immune relationships between different strains of 
the less virulent varieties of cocci, it is clearly evident that 
any such action by the vaccine must be highly specific. Ac- 
cording to a second theory, the patient may be sensitive to 
bacterial proteins just as other patients are sensitive to ragweed 
pollen or horse hair extract and the purpose of vaccine treatment 
is to use up the excess of antibodies in the cells and thus bring 
about “desensitization.” Here again the action is a highly 
specific one. Third, vaccines produce a certain degree of “pro- 
tein shock,” the effect of which is never specific but is comparable 
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to the effect upon various chronic processes which may occur 
with the general reaction following the intravenous administra- 
tion of typhoid bacilli, peptone, etc. 

In this connection it is interesting to recall that intercurrent 
infections all of them of the respiratory tract, pneumonia, 
“orippe,” tonsillitis or acute sinusitis, commonly leave an asth- 
matic free of his trouble for periods varying from weeks tomonths. 
We cannot recall a case of non-respiratory febrile disease in this 
series, but such a case would be of first importance in demon- 
strating whether the relief from asthma depended upon the 
fever, that is, on the “protein shock” or whether it depended on 
some local effect upon the bronchial and nasal mucous membrane 
and the nerve endings therein. 

By reference to table 1 the total results obtained with autog- 
enous vaccines can be compared with those obtained with stock 
vaccines. Ninety patients have been treated with autogenous 
vaccines and of these 90, 49 have been helped in some degree— 
a percentage of 53. 

Only 41 patients have been treated with stock vaccines, but 
of these, 28 have been helped—a percentage of 68, which is more 
than 10 per cent greater than the results with autogenous vac- 
cines. The series is rather small, but in view of these figures it 
may be said with some assurance that stock vaccines are at least 
as effective in treatment as are autogenous vaccines. 

We have laid great stress upon the importance of local reac- 
tions following the injections. We are impressed that this is 
important and our figures justify the impression. Table 1 
shows a total of 77 results which are more or less good. It is 
important that a total of only 4 followed treatment which did 
not produce a local reaction. On the other hand, a local reac- 
tion occurred in 79 cases and failed to be accompanied by a 
good result in only 6 cases. 

There is something ‘‘peculiar’” about the local reaction follow- 
ing the injection of vaccine. We have treated patients with 
various non-bacterial extracts such for example as horse hair 
extract, pollen extracts, dust extracts, to which they were sensi- 
tive and have produced local reactions which persisted for twenty- 
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four hours or more as red, swollen areas and yet which were not 
accompanied by any improvement in the asthma. While it is 
true that the vaccine reaction looks clinically much like the non- 
bacterial reaction, the latter produces not a cellular injury as 
occurs after such a non-diffusible antigen as a vaccine, but a 
pericellular and vascular injury as Zinsser (8) has indicated. 
Whether we have a right to compare these two forms of reaction 
is doubtful, but the difference between them is mentioned in 
order to bring out the importance of producing a local reaction 
of a certain type. 

As to the mechanism of vaccine action in asthma, we can only 
speculate by saying that the good results with stock vaccines, 
the importance of using a vaccine which will produce a local 
reaction and perhaps the fact that in the few cases studied, no 
circulating antibodies have been found, the impression is that 
the action is non-specific. 

In this report, the word ‘‘cured”’ has been invariably placed in 
quotation marks. Every effort has been made to determine the 
end results of all treated cases and the conclusion is forced upon 
us that only 9 patients in a total of 131 treated have been “‘cured”’ 
by vaccines. These 9 cases are of sufficient importance to 
warrant their tabulation (table 7). 

This table shows that 4 patients were cured by autogenous 
vaccines and also that 5 patients were cured by stock vaccines. 
Although most of them have been free of asthma for periods 
long enough to warrant the application of the word “cured,” 
it is important to note that at least 2 patients relapsed after a 
year and one-half. It is not unusual to find that adults with 
asthma of only a few years duration will say that as a child they 
did have previous asthma and often of a severe type which 
subsided without particular treatment. 

All this is important because it indicates that even the success- 
ful treatment of a bronchial infection is not a guarantee of per- 
manent relief from asthma. On the other hand, there is no 
doubt but what vaccines do good in many cases—great good in 
a few cases, and their use in asthma, at least in cases which 
cannot be treated by other and simpler measures, is reasonable 
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and justifiable. Until we can discover the true pathological 
physiology of asthma it will be quite impossible to define the 
indications for the use of vaccines and until we understand the 
mode of action of vaccines, it will be quite impossible to use 
them with accuracy. 


SUMMARY 


1. The method of making autogenous vaccines and of treating 
patients with emphysema, chronic bronchitis and with bacterial 
asthma is described. 

2. Ninety patients have been treated with autogenous vac- 
cines. A predominating organism was found and used in 29 
cases with good results in 11 and fair resultsin 11. In 61 cases, 
there was no predominating organism but a selection from several 
autogenous vaccines was made on the basis of the local reactions 
following the test dose. Good results occurred in 13 and fair 
results in 14. 

3. Forty-one patients have been treated with stock vaccines 
likewise selected on the basis of the local reactions with good 
results in 16 and fair results in 12. 

4, Whatever vaccine is used the fact that good results occur 
only in those cases where the various doses of the vaccine are 
followed by local reactions at the site of inoculation is definite 
and striking. 

5. The importance of the local reaction plus the fact that the 
results with stock vaccines are as good or better than those with 
autogenous vaccines gives rise to the impression that the action 
of all vaccines in asthma is non-specific. 

6. Of the entire series of 131 patients 9 or 7 per cent have 
been ‘“‘cured;’”’ 31 or 22 per cent have been definitely benefited; 
13 or 10 per cent have been helped somewhat; 24 or 18.5 per 
cent have been relieved temporarily but 54 or 41 per cent have 
not been relieved at all. 

7. Although good proof of a cure brought about by vaccines 
is lacking, vaccines do good in many cases. And at least until 
we know more of the fundamental pathological physiology of 
asthma, their use is reasonable and justifiable. 
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SPLIT PRODUCT 


W. H. MANWARING anp H. D. MARINO 
From the Laboratory of Bacteriology and Experimental Pathology, Stanford 
University, California 


Received for publication April 24, 1923 


It was shown by Coea (1) that the dominant physiological 
reaction in acute anaphylaxis in rabbits is an occlusion of the 
pulmonary blood vessels with red blood corpuscle masses. 
Coca believes this occlusion is not due to thrombosis or hemag- 
glutination (embolism), but that it is secondary to an acute 
pulmonary vasoconstriction comparable with the acute bron- 
choconstriction in guinea pigs. As a preliminary to a serological 
analysis of this reaction, we have studied the reactions of isolated 
rabbit lungs to histamine and to Vaughan’s protein split product. 

Our tests were made by perfusion methods. To make the 
pulmonary perfusion, the ascending aorta is ligated, an afferent 
cannula is tied in the pulmonary artery, and an efferent cannula 
in the left auricular appendage. The lungs are then inflated 
to their midespiratory volume and the trachea clamped. The 
perfusion fluid is well-aerated Locke’s solution, at 38°C. Per- 
fusion pressure, 11 to 13 mm. Hg. 


HISTAMINE REACTIONS 


On histamine perfusion of normal rabbit lungs there is a very 
marked increase in the perfusion resistance, the rate of perfusion 
flow being reduced fully 95 per cent. With concentrated his- 
tamine solutions (fig. 1, A) this vasoconstriction reaches its 
maximum within sixty seconds. With dilute histamine solutions 
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(fig. 2, B), the vasoconstriction is preceded by a slight preliminary 
vasodilation, and does not reach its maximum till the sixth to 
tenth minute. No tendency to recovery was noted in any of 
our tests. 

If at the end of the perfusion the tracheal clamp is released, 
the lungs collapse normally. No frothy fluid escapes from the 
trachea. The only change noted on gross section of the lungs is 
a marked perivascular edema, similar to the perivascular edema 
previously described for the isolated canine lungs (2), each blood 
vessel being surrounded by a well-marked edematous zone. 
Whether or not the increased perfusion resistance is due wholly 
to a passive narrowing of the larger blood vessels as a result of 
increased perivascular pressure, cannot be determined from our 
present data. A histological study of the factors entering into 
the reaction will be reported later. 


REACTIONS TO VAUGHAN’S PROTEIN SPLIT PRODUCT 


The split product used in these tests was obtained for Dr. 
Vaughan’s laboratory. It is so toxic that 1 mgm. injected intra- 
venously will kill a medium-sized guinea pig in from three to 
five minutes with characteristic symptoms of acute anaphylaxis. 
On perfusing the isolated rabbit lungs with this product dissolved 
in nonalkaline Locke’s solution, there is a marked increase in 
perfusion resistance, the perfusion rate being reduced from 25 to 
75 per cent within three minutes, depending upon the concentra- 
tion of the product used. Recovery begins during the fourth 
minute. With larger doses of the split product (fig. 2, A), the 
recovery is only partial. With smaller doses (fig. 2, B), the 
recovery is complete by the end of nine minutes. 

If at the end of the perfusion the tracheal clamp is released, 
the lungs collapse normally. No frothy fluid escapes from the 
trachea. On gross section of the lungs, a distinct perivascular 
edema is noted. 


SUMMARY 


1. A vasoconstriction sufficient to reduce the rate of perfusion 
flow fully 95 per cent is produced by histamine in the isolated 
rabbit lungs. This vasoconstriction is associated with a marked 
perivascular edema. 


SEROLOGICAL REACTIONS IN ISOLATED RABBIT LUNGS 321 


2. A 75 per cent reduction in perfusion flow is produced by 


Vaughan’s protein split product, with partial or complete recovery 
by the end of nine minutes. 
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INTRODUCTION 


In the following series of papers we describe experiments that 
deal primarily with observations on endothelial permeability 
as studied by means of lymph analysis. The number of theore- 
tical as well as practical therapeutic problems that are related 
in an intimate way to alterations of endothelial permeability 
may justify a study such as this even though we already possess 
a great amount of information gathered in the laboratories of 
Ludwig, Heidenhain, Asher, Carlson, Starling and _ others. 
Much of the older work was carried out at a time when the 
knowledge concerning the physico-chemical factors that might 
modify the permeability of the endothelium had not been de- 
veloped, while more gross forces, as osmosis, were perhaps over- 
emphasized. The more recent communications have been 
quite numerous and in them cognizance has been taken of the 
modern concepts concerning cellular structure. In these the 
earlier leads of Asher and Starling have been developed and the 
work of Meyer-Bisch (1), Bauer and Ashner (2), and Osato (3) 
begins to throw a new light on some of the findings of earlier 
workers which had been obscure. On examination of these 
recent contributions, most of which have been made by physiolo- 
gists, one finds practically no mention of the pathologic signifi- 
cance of the observations (except the discussion of edema, the 
relation of which is obvious), and excepting the paper by Meyer- 
Bisch, no consideration of the therapeutic questions involved. 
It is this latter analysis which we hope to present in these papers. 
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Ebbecks (4) recently pointed out that stimulation of cells, 
increase in permeability and an increase in electrical conduc- 
tivity parallel each other. Asa matter of fact the increase in 
permeability is a symptom, an indicator of excitation. Excita- 
tion produced by any irritant (Reiz) is accompanied by increased 
oxygen consumption and carbon dioxide production, increased 
production of lactic and phosphoric acid, the setting up of action 
currents as well as the more obvious changes such as motion, 
secretion, sensory changes, etc. The converse that rest, less- 
ened permeability, and static electrical conditions go hand in 
hand seems also well established. The impermeability of the 
membrane prevents a loss of soluble constituents and permits 
the association of the cell specific electrolytes. 

A number of investigators have taken part in establishing this 
view. Thus Lilly (5) as a result of his work postulates that 
stimulation is associated with a reversible increase in cell per- 
meability, an increase that is due to an alteration (or temporary 
breakdown) of the protoplasmic film structure of the limiting 
surface membranes. Hoeber (6) Gildermeister (7), Bernstein 
(8), Hermann (9), Vorschutz (10), Osterhaut (11), and Embden 
and his school (12) have shared in this work. Lilly in particular 
emphasizes the importance in the bioelectrical changes that 
initiate the intermittant and reversible changes in the cell 
membranes. Certainly this is not the relatively static and fixed 
structures the older physiologists conceived but functionally 
an exceedingly labile structure that is of paramount importance 
in influencing the whole activity of the cell. We may consider 
that the highly reactive tissues such as nerve and muscle and 
special sense organs are such by virtue of the great lability of 
their surface membranes, while the cells of the inert supporting 
structure, bone, connective tissue, etc., might be considered 
as occupying the opposite end of the scale. In the intermediate 
group we may be Justified in grouping endothelium, glandular 
parenchyma, leukocytes, slowly contracting muscle (Behrendt, 
13), ete. 


STUDIES IN ENDOTHELIAL PERMEABILITY. I BAR 


While greatest emphasis has been laid in these various studies 
on the effect of physiological stimulation and the associated 
increase in permeability, the fact that the cell continues to be- 
come more and more permeable when continuously stimulated 
(Embden) must be remembered. When the stimulus is a con- 
tinuous one that lies below the threshold of an obvious induction 
of a reaction (Weiss (14) used subthreshold stimulation of 
muscle cells) this increase in permeability can be readily observed. 
The evident bearing of this observation on a view expressed by 
Hermann that there is no clear line of demarcation between 
rest and irritation and between irritation and inflammation.may 
be of interest. According to Hermann we should speak of 
degrees of functional and metabolic activity. 

The fact that the cell when at rest is relatively impermeable 
deserves equal attention. If the stimulated cell becomes more 
susceptible to a following irritation; i.e., is more labile than the 
normal resting cell, and more readily fatigued, as suggested by 
Hermann, we might suppose that when the reverse of stimula- 
tion, the state of rest exists, a difference in the degree of resis- 
tance to change (a tendency to maintain the status quo) may 
be manifest. As a result of a previous stimulation of extra- 
ordinary magnitude the static phase might become more pro- 
nounced. | 

We have dwelt at some length on these more or less general 
conceptions without entering into a discussion of the theories 
and observations that deal with the possible structure of the 
surface membranes because the membrane changes that occur 
with cell stimulation have a direct bearing on the problem under 
consideration. The endothelial cell does not differ in its funda- 
mental reactions from any other cell. Stimulation must be 
associated with increased permeability, fatigue with its con- 
tinuation and death with complete permeability. Rest, if 
absolute, is associated with impermeability. Reasoning on the 
basis of anatomical structure and obvious function we may 
assume that the endothelium has become specialized in the 
control of permeability. 
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We should like to mention at this place that it seems probable 
that the state of rest and impermeability practically does not 
exist in endothelium when the capillary is open. It must nor- 
mally be under a constant stimulus. If not mechanical, due to 
the movement of the fluids in contact with it, then chemical, as 
a result of alteration in reaction and the presence of tissue 
metabolites from alterations in the activity of the adjacent cells. 
While, therefore, theoretical impermeability may exist, actually 
the endothelium is permeable for water, crystalloids and colloids 
to a variable degree. In this mechanism of permeability osmosis, 
diffusion, ultrafiltration, colloidal hydrations and dehydration 
incident to alterations in reaction, all have their share and must 
be considered. It seems most probable that the actual changes 
in permeability would depend on this latter factor, that is, on 
a change in the hydration or the dehydration of the colloids 
making up the surface film. This in its turn would modify the 
behavior of the surface film as an ultrafilter. 

We must turn for a moment to examine the relative size of 
the particles that as hydrated colloids make up the serum plasma. 
It has been determined that these range themselves in the follow- 
ing order of magnitude: fibrinogen, euglobulin, pseudoglobulin I, 
pseudoglobulin II, albumin, albumoses. According to the cur- 
rent conception these exist as fairly constant entities in the 
blood plasma, more or less distinct one from the other. Within 
the past few years, however, Herzfeld (15) and Hirschfeld and 
Klinger (16) have suggested on the basis of quite interesting 
experiments that what we are really dealing with is an unbroken 
chain of molecular aggregates diminishing in size from fibrinogen 
to the amino acids. According to their conception the serum 
proteins are not formed as a distinct secretion from any one 
group of cells but represent instead the proteins liberated by 
the general breakdown of tissue cells. When this takes place 
the largest fragments form fibrinogen. This is kept in unstable 
solution by the adsorption on the surface of the aggregate of 
a large number of smaller colloidal particles; any process that 
diverts these results in the precipitation of the fibrinogen in an 
insoluble form. Any agent that increases the adsorption of 
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these smaller aggregates on the surface, or any agent that en- 
zymatically breaks down the fibrinogen aggregates (as trypsin, 
peptone, etc.) would of course render the plasma incoagulable. 
This theory is attractive in many ways, but a number of objec- 
tions can be brought against it, particularly regarding the fibrino- 
gen. In general we believe that the conception that the plasma 
proteins form a continuous and unbroken chain of molecular 
ageregates of increasing diminution in size is one that has much 
to commend it. 

If we consider the passage of colloids through the endothelial 
membrane to the lymph stream in the nature of an ultrafiltra- 
tion (and leave out of consideration for the time being the al- 
terations that may depend on osmosis, diffusion, hydration and 
dehydration) then the exchange will depend on two factors, pres- 
sure and size of filter openings. In the stimulated cell, as we 
have shown, we have every reason to assume that the size of 
the filter openings is increased, in the resting cell, diminished. 
We might expect some differential filtration of colloids under 
these conditions that will vary with the state of activity of the 
cell. Filtration must be considered as an expression of a cellular 
function in which the state of activity or rest of the cell plays 
a vital role. 

When we examine the lymph flowing from the thoracic duct 
we must keep in mind that other factors than these may modify 
its composition. We may expect that the differences in the 
amount of protein in the lymph from the extremities and from 
the abdominal area will be such a factor if at any time the 
amount of one is increased or diminished (that from the extrem- 
eties being as a rule considerably poorer in total solids). The 
amount of water may be modified after the capillary endothelium 
has been passed because of alterations in the reaction of the 
tissue through which it later passes. The amount of solids may 
finally be increased considerably if a process of cellular disin- 
tegration is going on. Keeping these possibilities in mind we 
have sought to determine whether or not a differential filtration 
of lymph can be determined and in what measure it may be 
modified by a number of procedures. 
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METHOD 


We have used dogs exclusively in this work. We have selected 
medium sized animals (from 7 to 12 kilos as a rule), discarding 
irritable or nervous animals. We have avoided general anes- 
thetics because of the marked effects which these have on the 
permeability of cells: thoracic duct cannulas were inserted under 
local anesthetic. If the animals were restless for any consid- 
erable period after the operation, they were discarded. As a 
rule they were kept under observation on the board from two 
to six hours and the lymph was collected continuously, samples 
being taken for ten or fifteen minute periods and when the 
flow was relatively small, pooled samples were used for analysis. 

Differential estimation of proteins. The fibrin was collected, 
dried and weighed (Gram method) (17). Kjeldahl analysis was 
made for total nitrogen of the lymph. The globulins were 
estimated turbidimetrically as follows: The concentrations of 
sodium sulphate recommended by Howe (17) were used and the 
following tubes set up: 


0.5 ec. of lymph with 15 cc. of physiological salt solution (for tur- 
bidity control) 
0.5 ce. of lymph to which was added 15 cc. of a 14 per cent sodium 


sulphate 

0.5 cc. of lymph to which was added 15 ce. of an 18 per cent sodium 
sulphate 

0.5 cc. of lymph to which was added 15 ce. of an 22.2 per cent sodium 
sulphate 


0.05 cc. of lymph was precipitated with sulphosalicylic acid according 
to the method described for the estimation of protein in 
urine by Folin and Denis (19). This latter was used as a 
check on our Kjeldahl determinations. 


The precipitates were all read in the Kober colorimeter (using 
it as a turbidimeter) against appropriate standards made with 
a solution of serum so diluted that 1 cc. contained 5 mgm. of 
protein, and precipitated with sulphosalicylic acid. We are 
aware that the values obtained by this method are by no means 
absolute, but the comparative values for a series of observations 
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made under the same conditions of precipitation, etc., are good. 
Micronitrogen determinations in the very large number called 
for in these examinations would be practically out of the ques- 
tion and we doubt whether the range of possible error might 
not be just as great. In making the estimations the control of 
the inherent turbidity must of course be deducted. In order 
to reduce this to the lowest amount the animals were usually 
given no food for 36 hours before the experiment. The differ- 
ence between the Kjeldahl titration estimated as protein (x 6.5) 
and the globulins plus fibrin has been tabulated under the head- 
ing “albumin.” This includes the non-colloidal nitrogen; all 
amounts have been calculated in per cent of the total protein 
(Kjeldahl x 6.5 plus fibrin). 

Permeability to hemoglobin. As an additional check on this 
method we have used hemoglobin to determine the permeability 
of the endothelium for colloids. In many ways this offers an 
ideal method because we are dealing with a substance which 
is not foreign as are all other dyes that have been suggested. 
Osato has for instance, made use of sulphophenolphthalein and 
indigo carmine; both of these dyes pass through very rapidly 
(in from four to five minutes) and promptly reach a maximum 
concentration. These dyes have the disadvantage that as 
foreign substances they may in themselves stimulate the endo- 
thelium. The size of the hemoglobin aggregate, according to 
Bechhold (20) is somewhat larger than that of serum albumin 
and he makes use of hemoglobin to test the permeability of 
ultrafilter membranes for colloids. The passage of hemoglobin 
should therefore afford us additional evidence of the approxi- 
mate rate with which colloidscan pass the endothelial membranes, 
if they are of approximately the same size. Naturally the rate 
of destruction of the hemoglobin after injection into the blood 
stream will be a variable factor in different animals. 

Our solution of hemoglobin was prepared as follows: Dog 
corpuscles were washed, concentrated and laked with a minimal 
amount of ether. Two volumes of aluminum cream (21) were 
added to the mass to precipitate the proteins and the mixture 
filtered. The clear solution of hemoglobin was then made 
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isotonic, warmed, and an air current passed through the solu- 
tion until all ether was removed. When slowly injected (five 
minutes) and warmed to body temperature we find that we can 
inject 20 ce. of such a solution intravenously without altering 
the rate of the lymph flow and evidently without primary toxic 
effect. In some instances we have observed a chill in the ani- 
mals in from thirty to sixty minutes after injection, perhaps 
due to a dissociation of the hemoglobin and the liberation of 
globin. This Weichardt and Schittenhelm found to be toxic. 

Normally the pigment makes its appearance in the lymph 
in from twelve to fifteen minutes, reaching a maximum rather 
slowly (from one to two hours). The relative amount present 
in the plasma or lymph can be determined, colorimetrically 
quite accurately when the lymph or plasma is clear. 


THE EFFECT OF EPINEPHRIN ON ENDOTHELIAL 
PERMEABILITY 


Among the effects of epinephrin on the organism one of con- 
siderable therapeutic importance, namely, the possibility of 
altering cell permeability, has been the subject of controversy 
since Asher (22) and his pupil Bohm (23) published experiments 
which showed that an increase in capillary pressure was not 
necessarily followed by an increased filtration of fluids through 
the capillary wall. Exner (24) and later Meltzer and Auer (25) 
found that epinephrin diminished the adsorption of fluids from 
the peritoneal cavity. Hess (26) and Erb (27) approached the 
problem from a different position. They both found that the 
blood concentration increased after the injection of epinephrin; 
one determined this by the corpuscular count, the other by 
weighing the solids of the blood. This alteration they assumed 
was due to an increased filtration of fluids from the blood stream 
into the tissue spaces and lymph channels. It would be reason- 
able to suppose that with the return to a normal blood pressure 
the primary alteration would be rapidly compensated by a 
reverse in the current. As a matter of fact it was found that 
the increase in concentration persisted for a much longer period 


STUDIES IN ENDOTHELIAL PERMEABILITY. I 331 


of time than could be accounted for on this basis and both Hess 
and Erb reached the conclusion that some alteration in per- 
meability must have taken place. Asher and Béhm confirmed 
the findings of Hess and Erb but did not make the same inter- 
pretation. They were able to demonstrate that with increased 
capillary pressure no increase in filtration need follow; on the 
other hand with vasodilation and lowering of capillary pressure 
(as shown by Dale, 28) we may have a marked increase in per- 
meability. Vasoconstriction and dilatation on the one hand 
and increased or diminished permeability on the other are not 
necessarily related. The work of Asher and his associates was 
passed over by several workers, among them Bertelli, Falta 
and Schwerger (29), Donath (30), Schenk (31), Bilingheimer 
(32), Full (33) and others, who explained their results on the 
basis that the increase in arterial and presumably, capillary 
pressure, increased the filtration and that later the capillaries 
became impermeable. Two observers worked with thoracic 
duct fistulas; Camus (34) found that the lymph flow was in- 
creased after epinephrin injections, Thomaszewski and Wilenko 
(35) found it diminished. 

Bauer and Ashner (36) in studying the concentration of the 
blood of patients after epinephrin injections found that in some 
instances the concentration was diminished, in others increased. 
They have come to the conclusion that the increased blood 
pressure does not account for the concentration of the ‘blood, 
because in some of their cases they were able to determine such 
an increase when no increase in blood pressure was observed. 
Nor did they agree that the continued increase in concentra- 
tion, when it followed injections, was due to alteration of per- 
meability, because they suppose that this should cease when the 
pressor effect of the epinephrin had ceased. 

There are however certain other observations that have some 
bearing on the subject. Jona (37), Clark (38) and Cobet and 
Ganter (39) have studied the effect on the absorption of exu- 
dates (peritoneal and pleural) while Athanasiu and Gradinescu 
(40) have made observations on the influence of epinephrin 
on the swelling of excised frog muscle. The epinephrin prevents 
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this to a considerable extent, as Donath (41) found in similar 
studies on the excised cat kidney. More recently Langer (42) 
has presented evidence from Embden’s laboratory which proves 
that epinephrin is able to diminish the permeability of frog 
muscle. This he did by studying the diffusion of phosphoric 
acid from the excised muscle. 

Dorothy Hutchinson (43) has found that concentrated solu- 
tions of epinephrin diminish the carbon dioxide output of muscle 
(and radish seedlings) and it has been previously reported that 
the injection of epinephrin is followed by a reduction in the 
metabolism of the liver. 


EXPERIMENTAL 


In order to determine whether the two methods that we have 
outlined at the beginning of this paper might enable us to arrive 
at some definite answer to this particular problem we have 
studied the effect of intravenous injections of epinephrin on the 


lymph flow of dogs. The following protocols will illustrate our 
results. 


June 27,1922. Dog 380. Weight 8 kilos. Effect of repeated large doses: 
This animal was injected with 3 doses intravenously each of 10 cc. 
(1:10,000 dilution of epinephrin). The effect of the injections on the 
rate of lymph flow is of interest (chart 1). It will be observed that 
each injection is followed by a distinct increase in the lymph flow, 
this followed by a diminution in the flow below the preinjection level. 
The second and third injections result in a lessened reaction, which, 
while each time as great proportionally, actually diminishes in amount, 


From table 1 it will be observed that the first injection was 
followed by the appearance of red blood corpuscles in the lymph; 
the succeeding injections did not have this effect. Each in- 
jection was followed by the reduction in the concentration of 
proteins in the lymph with a gradual return to the preinjection 
figures during the course of the next hour. It will be observed 
that the original level is never again reached and after the third 
injection is approximately 20 per cent less than at the beginn- 
ing of the experiment. ‘This, in conjunction with the lessened 
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flow would indicate a reduction in permeability. Immediately 
after each injection it will be observed that the globulins are 
relatively increased (column 9). This can probably be inter- 
preted as due to an increase in permeability for a short period 
of time following the injection or to a transient stimulation of 


the liver parenchyma. Fibrinogen was increased immediately, 
but reached a maximum at a period when the maximum vascular 
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CHartT2. Dog 380. CHART OF VOLUME-PER CENT OF LYMPH PROTEINS FOLLOW- 
ING REPEATED INJECTIONS OF ADRENALIN 


effect of the injection had passed. This is brought out in chart 2 
in which the percentage of the different lymph constituents has 
been multiplied by the actual volume. From the chart the lag 
of the fibrinogen is quite apparent. This we believe can be 
explained only on the basis that the fibrinogen comes principally 
from the liver and that the effect of the liver stimulation and 
fibrinogen mobilization comes after the endothelial effect. After 
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TABLE 1 


Protocol of lymph analysis after repeated injection of adrenalin 


Dog 380. June 27, 1922 
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3 a 
5 a 
i} eee 2 ae 
1 | 10:00-10:15 | 6.4 
2 | 10:15-10:30 | 7.0 \s0.9 1.25 Ore) 51.65 tae ko 79.75 
3 | 10:30-10:45 | 7.0 
4 | 10:45-11:00 | 5.8 las 1.3 OF HELA. 16 ee aS EGA S0e0 
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Co llet5—11230 |) 562* 
g | 11:30-11:45 | 7.0t |s7.0 4.0 O} ) 140 i 15.8 18022 
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* Red blood corpuscles in the lymph. 
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TABLE 2 


Protocol of lymph analysts after repeated injections of adrenalin 


Dog 


ow 


378. June 26, 1922 
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PSEUDOGLOBULIN II 
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the third injection it will be noted that the amount of fibrinogen 
mobilized is greatly diminished. That an increase in fibrinogen 
takes place in the human after epinephrin injections has been 
observed by Vanysek (44). 

Conclusion. The experiment indicates that with each in- 
jection there results a primary transient increase in permeability 
(stimulation) as evidenced by the increased flow and the temporary 
increase in the proportion of globulins. This is followed by a 
period of diminished permeability that becomes more manifest 
with each succeeding injection. 


June 26,1922. Dog 378. Weight 8 kilos. Effect of repeated large doses : 
Injections of epinephrin similar to the first animal. It will be observed 
from chart 3 in which the lymph flow has been charted, that the experi- 
ment is similar to the first in that there is a final reduction in the 
amount of the flow and that the second injection produces less increase 
than the first injection. Here, too, protocol 2 demonstrates the ulti- 
mate diminution in the total protein contained in the lymph, but the 
experiment differs from the preceding in that each injection is followed 
(except after the first injection) by an increase in the protein im- 
mediately after the injection. This, together with the more apparent 
increase in the proportion of the globulins (I and II) to the albumin 
leads us to believe that in this animal the effect of the primary stimula- 
tion is more apparent. Following this primary alteration the reversal 
of permeability becomes apparent in the diminution of protein and the 
relative increase in albumin and smaller molecular aggregates. The 
fibrinogen, as in the previous experiment, shows an independence that 
becomes apparent in chart 4 in which the volume per cent has been 
charted. 


Conclusions. The experiment illustrates, perhaps more clearly 
than the previous one, that we deal with a transient primary 
stimulation of the endothelium (indicated by increased flow, in- 
crease in total protein and in the relative amount of globulin); 
this to be followed by a reversal of the conditions with lessened 
protein and relatively more albumin. The fibrin again takes 
an independent course that would indicate a delayed liver stimu- 
lation, here again the third injection no longer produces an 
apparent effect. This might be associated with an exhaustion 
of available fibrinogen or the relative immunity of the liver 
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to further stimulation because of the change in the endothelium, 
which may in this case act as a buffer. 

In the following experiment we present the results obtained 
with a very small dose of epinephrin. 


Dog 419. Weight 8.5 kilos. Two injections, each of 1:100,000 
epinephrin, the first 1 ce. intravenously. It will be observed from 
chart 5 and protocol 3 that the first injection produced only a slight 
increase in lymph flow (30 per cent) and this was not immediate but 
about one-half hour after the injection. After the second dose there 
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Cuart4. Dog 378. CHART OF VoLUME-PERCENT or LympeH PROTEINS FoOLLow- 
ING REPEATED INJECTIONS OF ADRENALIN 

was first a slight diminution and then an increase a half hour after the 
injection. With these small doses the effect may then be a primary 
diminution, as has occasionally been observed by other investigators. 
The amount of protein increased slightly after the first injection but 
after the second injection were considerably diminished. This reduc- 
tion is evident too, in the amount of globulin which comes through 
after the second injection. The albumin would be relatively increased. 
The fibrinogen curve was not greatly altered. 


The experiment makes probable that when dealing with 
these smaller doses of adrenalin the primary stimulation of 
endothelium seems negligible but the effect in rendering the wall 
less permeable (relatively more albumin filtered) is still evident. 
The lack of stimulation seems evident in the constancy of the 
fibrinogen curve, which would indicate that the liver had taken 
little or no part in the reaction. 
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TABLE 3 
Protocol of lymph analysis after small dose of adrenalin 
Dog 419 
1 2 3 4 5 6 7 8 9 10 
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Conclusion. With small doses of epinephrin it seems prob- 
able that the primary stimulation of endothelium is negligible 
(no primary increase in permeability) while the effect in the 
later lessening of permeability is still evident in the diminution 
of the total protein as well as the relative increase in albumin. 

In the following two experiments the same general effects of 
epinephrin on the lymph proteins is illustrated and in addition 
the effect on the phosphates, sugar and CO, tension of the lymph, 
as well as the electrical resistance. 


No. 444. Weight 8800 


IN 
VOLUME EEorey 


2 PER CUBIC PHOS- BILE 
NUMBER TIME ae ave oe FIBRIN SUGAR aes aera 
METER 
minutes mgm. per cent 
1 15 a 118 
; 38.9 5.1 6.1 Trace 
Zz 15 1.9 118 


Epinephrin 5 cc. 1:10,000 solution intravenously 


3 5 1.85 | 
4 5 1.5 38.3 6.0 129 5.7 
5 5 1.35 
6 15 2.8 37.0 5.6 186 5.7 Trace 
Z 15 Ad 30.5 7.8 169 Dak 
No. 471 January 22, 1923. Weight 16000 
VOLUME FIBRIN 
NUMBER TIME PER Five | PERCUBIC| JogaR COz perce THee 
MINUTES eae ANCE PHATES 
minutes mgm. 
1 15 3.3 1.6 166 55 4.76 4.42 
Epinephrin 5 ce. 1 :5000 intravenously 

2 5 6.0 1.6 168 50 4.8 4.28 
3 5 5.3 125 184 46 4.54 3.80 
4 5 2.4 208 45 4.13 
5 10 2.75 1.67 250 42 4.73 3.59 
6 10 2.8 1.66 273 40 4.76 3.59 
ie 10 2.85 1.03 188 36 4.72 3.59 
8 15 1.9 1.5 190 40 4.72 3.61 
9 30 2.5 1.43 166 40 4.75 3.61 
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Comment. It will be observed that in both experiments the 
phosphates are reduced. The maximum ionization appears to 
take place very shortly after the injection of the epinephrin, 
resistance dropping from 4.8 to 4.54 and indicating, we believe, 
that the increased permeability indicated by this reduction 
takes place early and transiently to be followed by a marked 
reduction in the permeability of the endothelium. It will be 
noted that the greatest degree of acidity coincides in a general 
way with the maximum output of sugar. 


HEMOGLOBIN EXPERIMENTS 


Experiments made with hemoglobin injections were carried 
out in a number of animals. In most of these the time was 
recorded when the hemoglobin was first apparent in the lymph 
after intravenous injection. These are shown in the following 
table: 


Controls: 

Dog 420: 5 minutes 

Dog 421: 20 minutes 

Dog 423: 20 minutes 

Dog 424: 10 minutes 

Dog 435: 10 minutes 

Dog 436: 10 minutes 

Average 12.5 minutes 
Epinephrin animals: 

Dog 436a: 25 minutes. This animal received 12 ce. of a 1:25,000 
solution of epinephrin 1 hour before hemoglobin. 

Dog 433: 35 minutes. This animal received 2 cc. of a 1:20,000 
solution of epinephrin 1 hour before hemoglobin. 

Dog 432: 20 minutes. This animal received 1 ec. of a 1:10,000 
solution of epinephrin 1 hour before hemoglobin. 
27 minutes, average. 

Dog 430: 25 minutes. This animal received 1 cc. of a 1 : 10,000, 
18 hours before injection. 

Dog $3: 20 minutes. This animal received 2 cc. of a 1 : 10,000, 
18 hours before injection. 

Dog 428: 15 minutes. This animal received the hemoglobin and 
epinephrin at the same time. Epinephrin 1 ce. of 1 : 10,000. 
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Conclusion. In these animals the effect of the epinephrin 
injections was apparent in delaying the appearance of the hemo- 
globin in the lymph. This effect is, we believe, quite prolonged, 
even after 18 hours there seems to be occasional evidence of 
retardation. When added directly to the hemoglobin the dye 
comes through within normal limits. 

In a second series we have colorimetrically measured the 
amount of hemoglobin that passes into the lymph stream. 
The titrations were made as follows: After the injection of the 
hemoglobin solution, blood was drawn and clotting prevented 
with oxalate crystals. Blood samples collected at later intervals 
as well as the samples of lymph, were compared colorimetrically 
to the original amount of hemoglobin present immediately after 
the hemoglobin injection. We present one chart (chart 6) in 
which has been plotted the curve for a normal animal and for 
the findings in the lymph after epinephrin injection (12 cc. intra- 
venously, of a 1:25,000 solution) one hour before the injection 
of hemoglobin. 

It will be observed from the chart that the amount that ap- 
pears in the lymph of the epinephrin dog is about one-half the 
concentration that is found in the normal and the color is much 
delayed in its first appearance. 

Conclusion. From a number of experiments carried out in 
which the amount of hemoglobin present in the lymph has been 
titrated colorimetrically, it has been found that the amount 
in the lymph is much less than when injected into the normal 
animal, indicating a lessened permeability to hemoglobin, and 
presumably to other molecular aggregates of the same or larger 
size. 


DISCUSSION 


In the foregoing experiments we believe that we have demon- 
strated that the effect of epinephrin on the capillary endothelium 
is twofold, as far as the effect on the ultrafiltration through the 
cells is concerned. The effect depends to some extent on the 
dose but in general the primary effect is one of stimulation, 
with a transient increase in the permeability of the cells: this 
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is promptly followed by a period during which the endothelium 
is less permeable. This latter period is relatively prolonged 
and it is this phenomenon that is at the basis of a number of 
the therapeutic effects which are observed after epinephrin 
injection. Langer in his work has observed that the effect of 
the epinephrin in lessening permeability can be observed in the 
muscle cells when using a dilution of 1:10,000,000 and he found 
that the effect persisted for a considerable time after the epi- 
nephrin has been removed. This would correspond to the finding 
that we have here reported. 

We might suppose that the effect of adrenalin on the capillary 
permeability would involve stimulation of the sympathetics, 
rather than a direct effect on the endothelial cell. We unfor- 
tunately know very little at the present time concerning the 
innervation of capillaries, particularly of the splanchnic area, 
although the general effect of splanchnic stimulation probably 
results in a contraction of the capillary wall (Krogh, 45). 
Such a contraction would render the wall less permeable. 

Asher’s (47) recent work seems to offer direct evidence that 
the nervous control of the capillary wall may have a direct effect 
on the permeability and thus brings physiological proof of the 
clinical contention of the importance of trophic nerves. 

Even if we assume that epinephrin may alter the permeability 
of the capillary wall directly, as it seems to alter the muscle 
cell, we would by no means underestimate the importance of 
the findings of Molitor and Pick (47) who have ascertained that 
the hepatic circulation in carnivora is greatly impeded after 
epinephrin injections. We believe however, that such effects 
would not account for the long continued effect that we have 
occasionally observed. Lamson (48) accounts for the loss of 
fluid from the blood on an increase in filtration pressure in the 
liver, a view similar to that of Molitor and Pick. 

Therapeutically epinephrin has found its field of greatest 
usefulness in the group of diseases that we associate with sensiti- 
zation-asthma, hay fever, urticaria, angioneurotic edema, etc., 
and secondly in vascular disturbances associated with a loss of 
vascular tone. 
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When we deal with toxic substances circulating in the blood 
stream they may produce symptoms of intoxication because of 
direct injury to the endothelium, or having passed through the 
endothelium, are enabled to reach certain vital cell complexes 
in sufficient concentration to produce symptoms (as in the cen- 
tral nervous system, the bronchial musculature of the sensitized 
guinea-pig, etc.). Where, presumably, we are dealing with 
larger molecular aggregates we might assume that if we can 
make the endothelium less permeable, or make the specific cell 
complexes involved in the intoxication, less permeable, then 
our evidences of intoxication should be diminished. With les- 
sened permeability, lessened susceptibility. Among the agents 
that we possess that seem to have this peculiar effect are to be 
mentioned the calcium salts (Starkenstein, 49) anesthetics in 
certain concentration, and epinephrin. We are of the impres- 
sion that the effect of epinephrin in shock, whether surgical 
as described by Cannon (50) or following burns (Plaza, 51) 
(Pfeiffer, 52) is to be sought less in the pressor effect than in 
the lessening in the permeability of the cell membranes. In- 
creased blood pressure with a coincident increase in permeability 
of the capillaries would result only in forcing more fluid from 
the vascular bed. The primary improvement must lie in the 
change in the permeability of the capillaries. 
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The fact that anaphylactic shock in the dog is associated 
with phenomena largely neuroendothelial in character as con- 
trasted to the neuromuscular reaction that predominates in 
the guinea pig has led to an extensive study of these alterations 
in the vascular relations. It has been found that the effect on 
the lymph flow is quite similar to that when lymphagogues of 
Ist class are injected, i.e., an increased flow of lymph that is 
more concentrated in solids. This has been ascribed to the 
increased intraportal pressure. This increase in intraportal 
pressure has been assumed by some to be due to factors in which 
the liver is not directly participating, by others, such as Mautner 
and Pick (1) and Simmonds (2), actual vasoconstriction in the 
liver is held to be causative. Jaffe (3) has demonstrated smooth 
muscle fibers about the smaller veins in the liver and states that 
they are seen most easily when the liver is engorged and the 
capillary spaces distended. 

For our purpose it is sufficient to emphasize that the partici- 
pation of the neurovascular apparatus in shock due to anaphy- 
laxis seems self-evident (one needs but recall the associated 
phenomena urticaria, hay fever, angeoneurotic edema, ete., 
in the human) and that we might anticipate that the endothelium 
will be a point of attack for the injuring agent, a position that 
Manwaring (4) has recently taken. That the endothelium would 
be merely a passive participant in the phenomena that have 

349 


350 WILLIAM F. PETERSEN AND S. A. LEVINSON 


been observed to occur in the lymph flow seems to us unwar- 
ranted. While the intrahepatic pressure is increased, such an 
increase would not in itself be sufficient to produce the effects. 

In the following protocols we present the finding on 4 dogs 
which illustrate a number of the more interesting alterations that 
we have noted. We have, as in the previous experiments, used 
medium sized dogs; have made a thoracic fistula under local 
anesthetic, and have analyzed the lymph by means of the tur- 
bidimetric method which we have described in the first paper. 
We have carried out but one experiment with hemoglobin which 
demonstrated the immediate permeability of the capillaries for 
hemoglobin after egg albumin was injected in the sensitive ani- 
mal. The animals were all sensitized by three intravenous 
injections of a fresh solution of egg-white given for three succes- 
sive days. Reinjection was made not before two weeks after 
the last sensitizing injection. 

Effect of small dose. Dog 391. -Two cubic centimeters of a 
20 per cent solution of fresh egg white injected intravenously. 


PROTOCOL 1 
Lymph alterations in dog following small reinjection dose 


Anaphylaxis egg albumin: Final sensitizing dose August 25, 1922; experiment 
September 8, 1922; dog 391, weight 7 kilos 


1 2 3 f 5 6 7 8 
TOTAL 
PROTEIN MUGHORUE PSEUDO- PSEUDO- 
TIME VOLUME PER FIBRIN TaN GLOBULIN | GLOBULIN | ALBUMIN 
CUBIC CEN- I II 
TIMETER 
cc. mgm. per cent per cent per cent per cent per cent 
3 hours 16a 34.27 3.3 1.4 3/2 0 58.1 


Injected 2 ce. egg albumin (20 per cent solution) at 1:05 p.m. 


* Equals 1.35 per fifteen minutes. 
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Notes. It will be observed that a well marked lymphagogue 
effect followed the injection, the flow increasing from a normal 
of about 1.35 ce. per fifteen minutes to 11.5 cc. shortly after the 
injection. An immediate increase in the total nitrogen of the 
lymph takes place. There was some delay in the clotting time 
of the first samples taken after the injection, but the fibrin 
finally formed a very solid clot. The relative amount of glob- 
ulin increased. At the end of one hour the amount of nitrogen 
contained in the lymph had reached the preinjection level, 
although the rate of flow was still increased and the increase 
in the fibrin and globulin level was maintained. 

Conclusion. A moderate shock in this animal resulted in 
distinct evidence of an increase in endothelial permeability 
that takes place immediately after the injection. Within one 
hour this effect begins to wear off but the composition of the 
lymph proteins remains altered in that a large increase in fibrino- 
gen is maintained as well as a relatively larger amount of globulin 
than before the injection. The increase in the larger molecular 
aggregates (fibrinogen and the globulins) would indicate a well 
marked liver stimulation without the simultaneous mobiliza- 
tion of large amounts of proteolytic enzyme. It is primarily 
stimulation and not injury which becomes evident with these 
small doses. The increase in fibrinogen in these sensitized 
animals is a relatively common observation whenever the shock 
produced is not great. Whether it is associated with the general 
alteration in liver metabolism that takes place with sensitization 
that has been observed by Hashimoto and Pick (5) is not de- 
termined. 

Effect of moderate doses. When we now turn to the effect of 
larger doses of egg albumin with which the shock effect was more 
apparent we find modifications of the lymph which probably 
have their origin in the enzyme mobilization which is associated 
with shock, Jobling and Petersen (6), Pfeiffer (7) and in the 
cell injury that probably takes place in the liver. In the follow- 
ing protocol the effect of a dose of 20 cc. of egg albumin solution 
is shown. 
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PROTOCOL 2 
Lymph alterations in dog following moderate dose of albumin 


Anaphylaxis egg albumin: Final sensitizing dose August 1, 1922; experiment 
August 17, 1922; dog 382, weight 18 kilos 


1 2 3 4 5 6 7 8 9 10 
ae rors 
= FIBRIN | PSEUDO- | PSEUDO- 
ew TIME VOLUME as FIBRIN BE ae AND | GLOBU- | GLOBU- mae 
ae EUGLOB-}| LINI LIN II 
METER oy 
ce. mgm. \per cent) percent | percent | percent | percent | per cent 
s 


1-2} 10:00-10:15 |} 10.5 


Se ea toa |f 51-0 3.7| 0.7 | 4.4 | 25.0} 0 | 70.6 


7-8} 10:45-11:00 10.2 | 


Injected 20 ce. egg albumin solution (20 per cent) 


9 | 11:00-11:07 | 18.5] 51.5|{ 1.1 | 7.0 8.1 28.7 0 63.2 
10 | 11:07-11:15 | 26.0 | 65.5 0 5.4 5.4 19.0 0 75.6 
11 | 11:15-11:22 | 26.0] 63.7 0 5.8 5.8 20.0 |* O 74.2 
12 | 11:22-11:30 |- 18.0) 60.0 0 6.6 6.6 V7, jod.S ies 
13 | 11:30-11:37 | 19.0] 60.0 0 Lost 

14 | 11:37-11:45 | 15.0} 57.5 0 5.0 5.0 22.8 | 2.4 | 69.8 
15 | 11:45-11:52 | 12.0] 56.4 0 6.2 6.2 | 19.0 0 74.8 
16 | 11:52-12:00 | 13.0 |- 57.5 0 6.0 6.0 17.0 0 77.0 
17 | 12:00-12:15 | 24.0| 56.6| 0.6) 4.4 5.0 20.0 0 74.4 
18 

19 | 12:15-12:30 | 25.0] 57.5} 1.5] 4.1 5.6 20.0 0 74.4 
20 


21 | 12:30-12:45 | 25.0| 56.2) 6.0] 3.5 9.5 26.0; 0 64.5 


23 | 12:45- 1:00 | 16.0 
24 1:00— 1:15 | 20.0 


26 1:30-1:45 | 14.5 52.4] 5.0] 2.8 7.8 24.0 0 68.2 


_ 
is 
(=) 


27 1:45- 2:00 | 
Peis 


28 51.7} 5.0 | 3.2 8.2 26.0 0 65.8 


bo 


25 1:15- 1:30 et 
:00- 


29 2:15- 2:30 | 17.5 | 
30 2:30- 2:45 | 12.0 } aoe? 


AL’ | oaed 6.9 23.0} 0 70.1 


Chart 1 illustrates the rate of lymph flow after the injection 
of 20 ce. of fresh egg albumin solution. 
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Notes. It will be observed that the lymph flow increased 
about fourfold and that the amount of protein increased from 
preinjection level of 51 to 65 mgm. per cubic centimeter. Clot- 
ting was inhibited, but during this time the larger molecular aggre- 
gates that precipitate with 14 per cent sodium sulphate increased 
greatly. Column 6 brings both the totals for fibrin and euglob- 
ulin. Pseudoglobulin I increased immediately after the injec- 
tion, then diminished. 

Pseudoglobulin II, previously absent, appeared during the 
course of the experiment, as in the preceding experiment. 
Three and one-half hours after the injection the protein concen- 
tration had diminished to a level somewhat less than the pre- 
injection level. 

Conclusion. It will be observed that the immediate reaction 
involved the same increase in flow with a relative increase in 
the larger molecular aggregates (euglobulin, pseudoglobulin I 
and II) and a relative decrease in the albumin. This would cor- 
respond to the usual effect of an increased permeability. Here, 
however, a change takes place from the usual picture because 
globulins now diminish and the albumins increase, the alteration 
persisting for about two hours. It is during this time interval 
that a sharp increase in proteolytic enzymes can be determined 
in the plasma and lymph and occasionally a considerable in- 
crease in hydrogen ion concentration, making conditions ideal 
for proteolysis. Stephan and his associates (8) have recently 
called attention to the association of the period during which 
blood is non-coagulable in shock to the mobilization of proteo- 
lytic enzymes. According to his conception the enzymes take 
an active part in preventing coagulation by hydrolyzing the 
larger (fibrinogen) aggregates to lower split products and in 
this manner preventing the formation of a clot. The experi- 
ment would seem to bear cut this conception. Bulger (9) had 
previously associated the increased mobilization of proteolytic 
enzymes during shock with the incoagulability of the blood, 
finding that the antithrombin was not increased sufficiently to 
account for the picture. 
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PROTOCOL 3 
Lymph alterations in dog following moderate reinjection dose. 


Anaphylaxis—egg albumin: Final sensitizing dose August 25, 1922; experiment 
September 6, 1922; dog 390, weight 9.5 kgm. 


1 (ies aoe tke 4 5 6 7 8 9 
TOTAL TOTAL 
PROTEIN puGLon- | FIBRIN | PSEUDO- | PSUEDO- 
TIME VOLUME PER FIBRIN oN AND GLOBU- | GLOBU- | ALBUMIN 
CUBIC CEN- EUGLOB-| LINI LIN II 
TIMETER ULIN 
ce. mgm. per cent per cent | percent | percent | percent | per cent 
$1511:30'| 5.2>|\5 
36.16 3.0 0 3.0 38.7 0 58.3 
11:30-11:45 4.2 


11:45-12:00 5.2 
12:00-12:15 6.1 


36.16 3.0 0.4 3.4 39.5 0 57.3 


Injected 20 ce. egg albumin (20 per cent) at 12.15 


12:15-12:22 | 20.4 48 .77 0 3.2 3.2 33.7 0 63.1 
12:22-12:30 | 18.5 51.12 1 UY 2.4 4.1 28.3 | 2.7 64.9 
12:30-12:45 | 31.7 54.65 Path 4 4.4 20.7 | 3.6 71.3 


12:45- 1:00 | 17.0 49.36 5.5 0.5 6.0 27.9 0 66.1 


46.05 5.1 0.7 5.8 31.1 0 62.1 


45.45 5.5 0.9 6.4 34.6 0 59.0 


43 .84 5.3 0.7 6.0 30.0 | 3.2 60.8 


41.99 4.6 0.2 4.8 34.3 | 1.8 59.1 


oo 


:00— 3:15 6.6 
3:15- 3:30 82 39.07 3.3 0 3.3 33.3 | 8.7 54.7 
3:30- 3:45 7.5 


Salas ices j 90.8 3.04. 0 | 3.9 | 35.820: |p bene 


Notes. It will be observed that in this animal the total amount 
of protein nitrogen, after increasing in the usual manner, had 
diminished at the end of a four hour period of observation, to 
somewhat less than the preinjection level, the volume at this 
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time being almost at the normal rate. Clotting, while delayed, 
took place in practically all the tubes except the first one after 
the injection. Euglobulin, at first greatly increased, diminished 
rapidly. The smaller globulin fractions were never increased 
in amount except pseudoglobulin II which increased as in the 
two preceding experiments. 

Conclusion. The general effects are similar to those observed 
in the previous experiment except that here the primary altera- 
tion in the globulin-albumin ratio seen in the preceding experi- 
ments is no longer found. The same increase in the relative 
amount of albumin is seen here as in the preceding animals, 
although the maximum is reached here in thirty minutes instead 
of in one hour as in dog 382. Preinjection levels are reached 
in about three hours. 

We wish finally to present the picture obtained when a large 
fatal dose of egg albumin is injected in a sensitized animal. 
The animal died two hours after the injection. 

PROTOCOL 4 
Lymph and blood plasma alterations following fatal reinjection dose 


Anaphylaxis—egg albumin: Final sensitizing dose August 1, 1922; experiment 
August 18, 1922; dog 400, weight 9, kilos 


1 2 3 ries | Pe 6 7 8 | © ake 
TOTAL 
FIBRIN | PSEUDO- | PSEUDO- 
TIME VOLUME Beja | FIBRIN ie AND GLOBU- | GLOBU- | ALBUMIN 
EUGLOB- LIN LIN II 
ULINS 
cc. mgm. per cent per cent percent | percent | percent | percent 
12:00-12:30 12.8 46.0 3.0 0 3.0 tee Br 78.2 


12:30— 1:00 | 13.8 46.18 3.4 0.6 4.0 17.6| O28 77.6 


Injected 80 cc. 20 per cent egg albumin solution intravenously 


1:00— 1:05 5.2 54.8 0.3 2.4 Pe 0h 15.2 0 82.1 


1:05- 1:15 | 26.5 | 54.6 0 2.5 25 1 45.0 | tbe) ee 
1:15- 1:30 | 51.0 | 58.25 0 aS 23 | 13.3] S47) emo 
1:30-2:00 | 49.5 | 56.21 0 2.4 94) 142) 25 pee 
2:00-2:30 | 27.3 | 54.9 0.5 2.4 26 | 12:3 | Seo ae 
2:30-3:00 | 11.8 | 52.8 1.5 1.5 3.0 |-13:0).42. |e 
Died 
Plasma (blood) 
Betorouniection! a 4s.41| 2.0 | 3.4 | 5.4 | 15.3| 3.1 | 76.2 
APD Ty. se reg 43.68} 0 3.2 3.2 (14.801! S33) eee 
After death......... 45.37 | 0 1.6 | 1.6 | 22°21) 3.0 | fveee 
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Notes. The results are similar to the preceding with the 
following exceptions: The total larger molecular aggregates 
(fibrin, euglobulin, and pseudoglobulin I) are all diminished 
immediately after the injection but pseudoglobulin II is increased 
even more than in the former three protocols. Analysis made 
of the blood plasma during the course of the experiment reveals 
that the actual amount of protein in the lymph was almost as 
great at the beginning of the experiment and that after the 
shock the amount of protein in the lymph was actually greater 
than the amount in the blood plasma. Part of the relative 
dilution of the blood plasma was no doubt due to the large 
amount of fluid injected. 

Conclusion. We believe that in this experiment the enzy- 
matie changes (in the lymph, and intracellular) must largely 
account for the fact that the larger molecular aggregates are 
lessened in amount while the albumin and smaller fragments 
are increased. We believe that the increase in pseudoglobulin 
II, which is apparent in each of these experiments, can be inter- 
preted in this way. The fact that in this experiment the actual 
amount of protein in the lymph was finally greater than that in 
the blood plasma would seem to give further evidence of an 
extensive destruction of protein. It is of course not excluded 
that the increased hydration of the tissues through which the 
lymph flows may attract water and result in making the lymph 
relatively rich in protein. Perhaps both factors, so closely 
related in many ways, are operative. 


DISCUSSION 


Inasmuch as we have found no comparable alterations in 
the lymph in animals that were injected with protein when not 
sensitive we believe that the alterations revealed afford some 
insight into changes that take place in shock due to anaphylaxis. 
In all of the animals the onset of the immediate lymphagogue 
effect was associated with the prompt passage of erythrocytes 
into the lymph stream and, when the shock was severe, with 
hemolysis. In the animals shocked with a moderate dose, bile 
pigments made their appearance some time after the injection. 
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The sudden stimulation of the endothelium and the associated 
increase in permeability is quite apparent from a mere analysis 
of the lymph. We have therefore made but few experiments 
with hemoglobin injections (which because of the associated 
hemolysis due to the destruction of the red blood corpuscles 
of the dog has but a limited value here) and these showed that 
the hemoglobin came through within five minutes after injec- 
tion; that is, within the time period at which crystalloids would 
appear, indicating the marked increase in permeability which 
had taken place. 

It seems evident that in shock of this type we deal with a 
stimulation of the endothelium so great that we may speak of 
fatigue of the cells; this may go over to death. Recovery may 
take place, in our animals in from one to four hours, depending 
on the dose. If recovery does take place we might anticipate 
that the endothelium will later be relatively less susceptible 
to a further change. This is probably one of the phenomena 
involved in the refractory state apparent after anaphylactic and 
other forms of shock. 

Indeed, that the severity of the reaction plays some réle in 
this resistance seems indicated in the experiments of Karsner 
and Ecker (10). They found that animals that were shocked 
with heterologous and homologous antigens were, as a rule, resist- 
ant to a following shock to a degree commensurate with the 
amount of reaction experienced during the primary shock. 
Thus the animals injected with a homologous antigen the first 
time were, as a rule, more resistant to a following shock than 
animals treated first with a heterologous antigen, which, asarule, 
did not induce much reaction the first time. 

We are of the impression that the great mobilization of pro- 
teolytic and other enzymes that takes place in shock and which 
probably have their origin in (and diffuse out from) cells that 
have been stimulated, or injured (such as the endothelium, liver, 
pancreas, etc.) must have a decided effect in breaking up the larger 
molecular aggregates (fibrinogen, globulins) almost as rapidly 
as they are thrown into the circulating fluids and perhaps even 
before (intracellular). 
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As far as the effect on the fibrinogen is concerned we observed 
the most marked mobilization with the smallest dose of protein 
(to 9 per cent); the least amount with the fatal dose, with a 
combined maximum of 3 per cent for fibrinogen and euglobulin. 
The effect here must depend on liver stimulation in the case of 
the small dose with a resulting maximum reaction; in the fatal 
case there appears to be an actual destruction of these larger 
fragments before they are thrown into the circulation. 
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THE MODIFICATION OF THE THORACIC LYMPH FOLLOWING 
PORTAL BLOCKADE 
WILLIAM F. PETERSEN, R. H. JAFFE, S. A. LEVINSON anp T. P. HUGHES 
From the Department of Pathology and the Laboratory of Physiological Chemistry, 
University of Illinois College of Medicine, Chicago, Illinois 
Received for publication May 4, 1923 


In the preceding paper we have pointed out that in anaphy- 
lactic shock in the dog the lymph proteins show considerable 
modification, depending to a large extent on the dose used for 
reinjection. From previous studies that we have made with 
the enzyme mobilization during anaphylactic shock and from 
the work of Dale (1), Manwaring (2) and others, it seems most 
probable to us that the lymph proteins are modified by several 
factors. First, the alteration in the permeability of the endo- 
thelium which permits a large amount of blood plasma suddenly 
to flood into the lymph spaces of the mesenteric area, especially 
with the increased intraportal pressure which is at once evident 
in anaphylactic shock. Second, the proteins derived from the 
liver and other abdominal viscera under shock conditions ; 
these would include particularly the larger molecular aggregates, 
fibrinogen, globulins, ete. Third, the digestion of these pro- 
teins which may begin intracellularly in an explosive manner 
and be continued during their passage from the liver cells to 
the lymph stream. This seems most evident, as we might antici- 
pate, in the more severe cases of shock in which we find that 
the lymph proteins are present rather in the smaller than in the 
larger molecular aggregates. 

In the work of Pick, Simonds, Manwaring and others, the 
importance of the alterations of the intraportal pressure has 
been emphasized and the great engorgement of the liver brought 
into causal relationship with certain phases of anaphylactic 
shock. That the effect of a purely physical alteration in the 
liver circulation might be studied in connection with the anaphy- 
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lactic pictures that we have obtained from the thoracie lymph, 
we have carried out a number of experiments of the following 


nature: 


A lymph fistula was established under local anesthetic as 
usual, then a small abdominal incision was made under local 
anesthetic and 10 ce. of liquid petrolatum coarsely emulsified 
in dog serum, was injected intraportally. Inasmuch as the 
results in these experiments have been quite uniform, we show 


only one protocol. 


NUMBER 
VOLUME 


PROTOCOL 1 
No. 476; February 5, 1923 weight 10.5 kilos; Intraportal oil, injection 


PROTEIN PERCUBIC 
CENTIMETER 


FIBRIN 


ERUGLOBULIN 


PSEUDOGLOBULINS 
TOTAL FIBRIN AND 
GLOBULIN 


ALBUMIN 


BILE PIGMENT 
PHOSPHATE 
PROTHASE 


= 3 
o hal 
#i 2 [Fle TE] a] ele] s] 8) 8) a |e 
mgm.| cent | cent | cent 
1 | 10:30-10:45 | 7.5) 42.2) 6.1] 1.5)16.7/24.3)/75.7| 147/0.54| 0 (|4.72| O 
2 10:45-11:00 | 8.3) 42.5) 6.8] 1.2/16. 724. 775. 3| 157|/0.41} O {4.92} O 
10 ce. liquid petrolatum intraportal injection at 10.55 
3 | 11:00-11:07* | 6.0| 36.0| 5.0| 1.5/18.124.6|75.4| 1610.55] 0 [4.63] 0 
4 | 11:07-11:15 9.6| 27.4) 4.7) 2.1]17. 1/23. 9|76.1} 1880.55} O {4.43} O 
5 | 11:15-11:30 (26.6) 26.8] 4.8] 2.0/18. 625. 4'74.6| 1900.56; O (|4.27) O 
6 | 11:30-11:45 |23.3] 35.0) 4.8) 2.4/17. 3/24. .9175.5 2000.60 0 (4.13) O 
7 | 11:45-12:00 20. oe 35.3) 5.6) 2.4/19. 527. 5/72 .5| 2580.42) +- [5.0 0 
8 | 12:00-12:15**|17.7 5.0 5.0) 2: 4'21.729.1)70.9 2590.62} + |5.95) 0 
9 | 12:15-12:30 |17. ae ae 5.2) 3.4/18.0.26.6/73.4| 277/0.26} + (6.83 + 
10 | 12:30-12:45 /14. Ape .9| 4.9] 2.7/20. 7/28. 3/71.7| 3120.36) + |6.17/+++ 
11 | 12:45— 1:00 | 9.3] 32.7) 5.5) 2.8)22. ee. 969.1) 4000.38) + (|6.43)4+-+-+ 
12} 1:00-1:30 | 5.1 i 31 1.3} 7.0 2.5/2. 331.8/68.2) 5710.30) + |5.96/+++ 
Plasma 

{it SOS eames 45.9) 9.0 23.3/32.3167.7 1660.40) + (4.24 

JZ NOOR. see 169|0.30 

OO yee 350/0.29/++-+/6.35 


The dog died at 1:30 p.m. On opening the animal the liver was found rather 
small, hard, mottled. The splanchnic vessels were engorged. The spleen was 
The lungs and heart were normal, with 


very large and soft, weighing 85 grams. 
but little blood in the chambers of the heart. 
* Red blood corpuscles appear. 
** Red blood corpuscles appear in greater number. 
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The injection of an indifferent oil such as petrolatum should 
have little effect other than a mechanical one of blocking the 
- liver capillaries, resulting in an increase in the intraportal pres- 
sure without primary injury of the splanchnic endothelium or 
the hepatic cells. The alterations shown in the protocol are of 
particular interest in connection with the observations recorded 
in the experiments with anaphylactic shock. There results 
first a marked lymphagogue effect reaching a maximum in about 
fifteen minutes after the injection. Here, then, with merely 
an increased intraportal pressure lymph filtration is obviously 
increased, but it differs from the effect in anaphylactic shock 
in that the protein of the lymph is not increased, but on the 
contrary, is diminished, indicating an unaltered condition of the 
endothelium, which in this case permits only a relatively thin 
lymph to pass through the capillaries. It is of interest to note 
furthermore that the relation between globulins and albumins 
is practically unaltered. Assuming that the fibrinogen comes 
from the liver, the reduction in the amount coming through 
after the injection can be explained on the assumption that much 
of our fluid is now coming through from the other parts of the 
splanchnic area, rather than from the liver. Sugar, CO: tension 
and phosphates remain practically unaltered. 

Beginning with sample 5 we note a striking difference. 

The protein in the lymph increases. In the following samples 
an increase in fibrinogen, in the globulins, in the sugar, the 
phosphates and in bile pigment is apparent, an acidosis occurs 
and proteolytic enzymes make their appearance in large amounts. 
Red blood corpuscles are also observed in considerable concen- 
tration. We now have all the evidences of a marked liver 
stimulation and injury, resembling in many respects that which 
we have observed both as a result of the primary injury after 
peptone injection and anaphylactic shock, or the secondary 
alteration after peptone injection to which we have called at- 
tention. 


DISCUSSION 


These experiments with a portal blockade illustrate that with 
an increase in intraportal pressure we may have a lymphagogue 
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effect but the lymph coming into the thoracic duct under these 
conditions is one that is relatively poor in protein. There are 
no other alterations of moment. When, however, injury to 
tissue results because of the disturbed vascular conditions, 
particularly in the liver, and capillary injury has presumably 
taken place as a result of stasis, marked alterations take place. 
The picture differs from severe shock only in the fact that the 
coagulation mechanism of the lymph remains unaltered and that 
evidently proteolytic enzymes are not thrown into the circulation 
as rapidly and to the same extent that we find them in pep- 
tone and anaphylactic shock. The differences can probably be 
accounted for on the basis that not all parts of the liver paren- 
chyma are equally involved in the change, some portions may 
be stimulated, in others the stimulation may have gone over 
to fatigue and actual distribution of cells. 

In view of the fact that in the various shock effects in the 
dog a passive hyperemia of the liver is usually marked, we think 
it possible that some of the alterations that we have observed 
under such conditions are not induced primarily by the injuring 
agent, but follow in the wake of the primary change and can be 
accounted for as a result of the vascular alterations. During 
the course of these secondary alterations it is quite possible 
that toxic substances may arise in the liver parenchyma under- 
going degeneration, which, circulating in the body, may cause 
further injury and even death. In these experiments for in- 
stance, we are of the impression that the death of the animal is 
not wholly due to the disorganization of the vascular bed, but 
that an intoxication arising as a result of the liver injury has a 
large share in bringing about the rapid death of the animal. 

While we have made no determinations of the intraportal 
blood pressure, it seems evident from a study of the protocol 
that the great alterations of the lymph (increased concentration 
of the protein, globulins, sugar, bile pigment, phosphate, etc.) 
which take place after sample 5 cannot be due to an alteration of 
intraportal pressure. Should the intraportal pressure fall the 
lymph might become more concentrated when larger amounts of 
water would reénter the capillaries. But it will be noted that 
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the volume of the lymph flow remains fairly constant. In tubes 
6 to 10, for instance the volume diminished some 24 per cent 
but the phosphates increased 65 per cent. Such an alteration 
cannot be due to concentration, but must depend on the altered 
rate of diffusion from cells. 
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In the preceding paper evidence has been presented which 
points to the fact that in canine anaphylaxis the endothelium, 
particularly that of the liver, plays a very prominent rdle in 
the mechanism of shock. Indeed it might seem that the chief 
point of attack of the reinjected protein is in this tissue, and 
that after these cells have been injured and become more per- 
meable the liver is the next organ to be affected. The whole 
phenomenon is a vascular shock rather than a neuro-muscular 
one such as we see in the guinea pig. This by no means excludes 
the possibility that toxic products may arise secondarily from 
the liver, as Manwaring (1) has contended; or that the mobi- 
lization of proteolytic enzymes, which has been previously 
demonstrated (2) may not act in producing toxic products 
from the disintegrating liver or other tissue cells. 

If the endothelium is vitally concerned we might be able to 
cause some protection against shock in dogs if we produce an 
“endothelial blockade’ by means of a previously injected 
colloid. Admittedly a crude procedure and one that at best 
can only partially alter the permeability of the cells, we have 
felt that it might at least offer us some confirmation of the role 
of the endothelium in shock. 

The following sets of protocols of two series of animals will 
illustrate the results. In each series one of the control animals 
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died of distemper so that we can show but one normal control 
for each series, but the results are, we believe, sufficiently 
clear cut to warrant conclusions. We have carried out several 
determinations on the lymph not included in the first experi- 
ments which may be of interest, such as those of sugar, bile 
pigments, carbon dioxide, and inorganic phosphates. 


EXPERIMENTAL 
First series 


All animals were given intravenous injections of 20 cc. of a 
20 per cent solution of fresh egg albumin on successive days. 
They were then given a rest period of three days. They were 
then given daily intravenous injections of 15 cc. of a twenty 
per cent solution of saccharated red oxide of iron until they 
were used for the final shocking dose. 
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CuHartT 1. Sugar Content, First SERIES 


Heavy line, control animal. Light lines, animals protected by ‘endothelial 
blockade.’’ Arrow indicates time of injection of shock dose. 
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The first protocol shows the effects of the shock dose of albumin 


in the control. 


PROTOCOL 1 


No. 466; January 15, 1923; weight 8500; sensitization completed January 1, 1923; 


control animal; no iron oxide injections 


VOLUME PER FIVE 
PROTEIN PERCUBIC 


& 
a | HE 
a 
a | 8 E 2 
4 a 
minutes mgm 
1 15 42650 
2 15 1.6 | 27.24 


FIBRIN AND 


0. 
L. 


EUGLOBULIN 


ew 


PSEUDOGLOBULINS 
I AND It 


17.2 


FIBRIN AND QGLOB 


ALBUMIN 


19.4 | 80.6 
18.3 | 81.7 


SUGAR 


PHOSPHATES 
BILE PIGMENT 


180 | 51.3 | 4.80 0 
187 | 60.7 | 3.65 0 


20 ee. 40 per cent fresh egg albumin solution intravenously 
SS SSS eee 


3 5 4.0 | 30.0 
4 5 8.5 | 40.0 
5 5 6.9 | 42.8 
6 5 9.8 | 44.4 
7 5 | 12.3 | 41.0 
8 5 | 13.0 | 40.0 
9 5 | 10.0 | 36.5 
10 5 8.8 | 33.6 
11 5 8.0 | 34.2 
12 5 8.2 | 32.4 
13 5 7.4 | 30.7 
14 5 5.6 | 30.7 
15 5 6.5 | 30.0 
16 5 5.1 | 29.2 
17 5 6.7 | 27.5 
18 10 4.7 | 27.0 
19 10 6.0 | 28.8 
20 10 3.8 | 27.4 
21 30 2.3 | 27.0 
22 30 1.8 | 26.1 


CWOSCHRNNONNOHROHDWAD 


16.3 
16.6 
18.2 
17.5 
18.2 
15.7 
16.8 
19.0 
15.5 
15.7 
13.3 
14.8 
13.3 
11.8 
13.8 
14.4 
14.0 
15.4 
13.1 
13.2 


17.9 
19.2 
20.5 
20.1 
21.3 
18.7 
20.2 
22.1 
18.5 
18.9 
16.0 
17.8 
17.0 
15.5 
17.2 
17.5 
16.9 
18.4 
15.3 
15.2 


82.1 
80.8 
79.5 
79-9 
78.7 
81.3 
79.8 
cieo 


206 
243 
243 
250 
238 
285 
303 
250 
285 


227 
240 
250 
250 
215 
200 
198 
181 
181 
200 


68.3 
30.5 
46 .6 
45.7 
47.5 
51.3 


49.4 


51.3 
47.3 
39.0 
46.6 
41.9 


| 3.25 
4.15 
3.76 
5.0 
4.55 
Wee 
4.13 
4.35 
rar 
5.85 
4.86 
3.95 
3.70 
3.70 
3.72 
3.65 
4.25 
3.95 | ++ 
403 Ih ee 
Ao ecient 


oooocoooooqooqooqocoeoo 


4 
oe] 
ro) 
° 
@ 


+++ 


Red blood corpuscles appeared in the lymph immediately 
after the injection and were especially marked in samples 12 
to 17. All samples were collected under petroleum oil and 
with the addition of sodium oxalate, as a consequence the 
time of coagulation of the lymph could not be noted. 


370 PETERSEN, JAFFE, LEVINSON AND HUGHES 


The control animal shows that there was a well marked 
lymphagogue effect, increase in lymph protein, well defined 
increase in sugar, in phosphates and in bile pigment, and in 
occasional samples the tests for the carbon dioxide combining 
power showed evidence of acidosis. The alterations in the 
globulin-albumin ratio are those that have been described in 
the preceding paper as a result of moderately severe anaphylaxis. 

The following protocols illustrate the effects in the two cor- 
responding animals that received the colloidal iron injections. 


PROTOCOL 2 


TOTAL 
PROTEIN| FIBRIN 
MIN- PER AND 


TOTAL 
PSEUDO-| FIBRIN 


UTES VOLUME coo BUGLON- Se fenee MIN SUGAR PHATE BILE 
METER Re 
ce mgm. 
1 30 1.2 31.8 | 2.4 TOF oh 220 iO oe 4.2} ++ 
2 30 1.9 29.6 | 2.4 21.6 | 24.0 | 76:0 | @ 4.1) +++ 
20 cc. 40 per cent solution fresh egg albumin injected intravenously 

3 15 Iba! 32.4 | 2.1 ZIP AG  Dordl\aoee | 60 4.1 |++++ 
4 15 1.4 33.0] 2.5 21.3 | 23.8 | 76.9 | 58 COM Sees 
5 15 1.3 %4.8 | 3.0 20.1 | 23.1 | 76.9 | 52 4.1} +++ 


The animal responded with practically no change in lymph 
volume, only very minor changes in the concentration‘of protein, 
and no significant change in sugar, phosphates or carbon dioxide. 

The protocol of the second anaphylaxic dog is on the following 
page. 

Here, as with the previous animal of this series, which had 
been injected with colloidal ion, there resulted very little lympha- 
gogue effect when the shock dose of albumin was injected, 
and there was little variation of the protein of the lymph. 
Sugar, as well as carbon dioxide, showed little change, and the 
phosphates remained quite constant except for a transient rise 
immediately after the injection, and during a later period (samples 
7 and 8). Fluctuations in the albumin-globulin ratio were very 
marked. No red blood corpuscles appeared in the lymph. 
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PROTOCOL 3 
No. 468; January 16, 1923; weight 9509; sensitization completed January 1, 1923 


Q Oo nm a 
E | é Seg te 
vad oe 5 z & 
& 5 Pe ee] 2 Z 
ag | mE | o-| Se | Be é 5 
I = p oH ne z, < o 
a es ans R oa Bm fe! eI 
Q Bz Be a ° AZ| wo rs % Be Ra 
Sees ea coe ra Nee oles bes. | a (elie | ie 
[ol a a a Boia ie lee die siete a 
min | | mom. 
1 | 15 | 2.93} 62.6] 4.1 | 11.8} 50.5) 66.4] 33.6) 105 | 57.9) 3.44! Faint trace 
20 cc. 40 per cent solution egg albumin intravenously 
2 5 | 3.8 | 63.0} 3.0 | 14.7| 27.0) 44.7) 55.3) 128 | 56.0] 4.23 
3 5 | 4.5 | 66.6] 0 19.1} 30.3] 49.3] 50.7| 128 | 61.7] 3.68) Faint trace 
4 5 | 4.0 | 66.6] 0 17.0) 35.0) 52.0) 48.0) 127 | 57.9) 3.33 
5 5 | 3.7 | 63.0) 0 15.4) 32.3) 47.7) 52.3] 101 | 57.9) 3.63 
6 5 | 3.4 | 60.9} 0.9 | 30.0; 14.1) 45.0) 55.0) 95 | 46.6) 3.57 
7 5 | 3.5 | 55.2) 0 17.8) 28.0] 45.8] 54.2) 100 3.85 =" 
8 | 15 | 2.8 | 56.5] 3.7 | 14.7| 30.9) 49.3] 50.7) 107 | 56.0) 4.35) Trace 
9 | 15 | 3.7*| 56.4] 7.4 | 14.3) 22.5) 44.2) 55.8] 109 3.13 a 
10 | 15 | 3.8*| 58.5) 6.8 | 18.1) 38.4] 58.3] 41.7] 112 | 56.0] 3.17 = 
11 | 15 | 3.8*| 51.4) 2.7 | 13.6) 34.2) 50.5} 49.5) 119 3.17 Bis 
12 | 15 | 2.2 | 52.1] 4.0 | 13.2] 28.4) 45.6} 54.4) 129 | 59.8) 3.25 + 
138 | 15 | 2.2 | 55.7/'6.3 | 13.0} 30.5) 49.8) 50.2) 139 3.09 == 
14 | 15 | 1.7 | 58.0)17.2 | 13.8] 28.1) 59.1) 40.9] 1386 2.98 ++ 
15 | 30 | 1.5 | 53.0) 5.6 | 14.1) 30.3) 50.0) 50.0) 111 Foes Gee ea 


* Animal restless. 
Second series 


The second series is even more clear cut than the first. Animals 
were sensitized asin the first experiment, and were given daily 
intravenous injections of sacchrated iron up to the day they 
received the final shock dose. 

The record of the control animal is on the following page. 

The animal died forty-five minutes after the shock dose. 
Striking alterations are observed in the phosphates and the 
sugar, the carbon dioxide changes are relatively minor in char- 
acter. Red blood corpuscles appear in great quantity, the final 
lymph having almost the appearance of pure blood. Apart 
from the changes in the coagulation, the proteins did not 


PROTOCOL 4 
No. 478; February 7, 1923; weight 9300; control 


5 2 |8 
a _ 
oe a |e 
eel | ei8 baa : 
% 3 ze a aca jess 2 
e ‘ BE) 2 1S8/| 8 | a8] 2 |e f 5 
: : : eel ele els") alee) sz E 
CHL cat 
1 | 10:30-10:45] 6.8 32.5 | 2.110.4/14. 1/16 .6|83.4/124| 48 1.75 
2 | 10:45-11:00| 6.4;RBC. |34.7 | 1.410.7/13.0/15.1184.9|123] 52 1.89 
3 | 11:00-11:15] 7.3|RBC [32.5 | 2.1/0.4113.8/16.3|83.6]161| 56| 1.85 
4 | 11:15-11:30| 5.6|RBC | 58) 2A 
20 cc. 40 per cent solution of fresh egg albumin injected intravenously 
| { ' 
5 | 11:30-11:35| 8.2/RBC*)36.9 | 0 2.0/14.0116.0 84.0161 56| Trace 1.88 


6 | 11:35-11:40) 9.6/RBC 45.6 0 |3.0)15.0)18.0/82.0)144| 54) Faint trace|2.72 
7 | 11:40-11:45 74 RBC 45.6) 0 |3.5 18.9 17-4182-006 53} Faint trace|2.38 
8 | 11:45-12:00/14.3;RBC /44.4 | 0 /4.2/13.5)17.7|82.3/400! 56) Faint trace|2.72 
9 | 12:00-12:15) 8.1)JRBC |39.96| 0 3.8 13.0116.8183.2|408 58} Faint trace|2.78 
Plasma 
eM OSAD Sev nee. eiopstence attr. cee tee BeaiLooe 16.4183.2 151| 54 1.67 
SE) 5 ELE Oe Sa ties Ree rere ei oh ine Oe iF 227) 50 2.38 
FAMED Once Siete tee Se Sottero rte Oe ee 56 2.78 


vate BEERS EEEEEEEECECCEE CEE EEEEEEEEEE EE 
eres rH Henin ie rtnincrrtit ate 


BEGESaa 
300 mg. ESERRS 


200 mg. — Bea 
sggaaud HH 
HEH CH 


478 
100 mg. 


co HHH 
suuauuadus neseesasaeTetesnetes raze rezes vezetsszez seat cezer 
Get ase ete ase ctte fae ette ee Cent ee et tae 
EEEEEEE EEE ECEEE EEE EEE EE EEE EEE EEE EEE EEE EEE EEE EE 
saectesasatectesstastes siititesttasteriia: eos seguaEaEdE 


SSGSSESEESESSE SESH GESETaESET TESST aceeeEreeeez 


BER BEARER ORN ae 
Cuart 2. Sucar Content, SECOND SERIES 


Heavy line, control animal. Light lines, animals protected by “‘endothelial 
blockade.’’ Arrow indicates time of injection of shock dose. 
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greatly alter their relation. This may, perhaps, be due to a 
simultaneous liberation of large amounts of proteolytic enzymes 
which would break up the proteins having larger molecular 
aggregates. 

The individual protocols follow: 


PROTOCOL 5 


No. 477; February 6, 1923; weight 10200; dog sensitized, final dose January 22, 1923, 
and received colloidal tron, 9 doses 


a Ss) ra) 
2 a Zi a 
a O88 5 . 4 
% ae | a B Biel ve Bia lplils Sele 
ea CEN eee cant cou se cout 
1 15 1.0 | 45.0 |} 12.0 1 OP LS eS) |) 28ESy ev h.2),- 150) | GON Ps 05ies 0 
2 15 Io PA4O) ||| eSe5 V6) L528) | 25:45 1746), L775 62 | 3.20} 0 
3 15 166) rats) > ye 1.7 | 16.5 | 23.4 | 76.6 | 208 | 62 | 3.02 
20 ce. 40 per cent egg albumin solution intravenously 
4 Rade 4e4. GeO. 2b ilasON eco. & |) 74:3.\'208 | Oi 2.31 
5 5 | 4.4] 50.8] 9.0 217 | 63 | 2.68 
6 5 |8.4] 56.6] 4.6] 4.0 | 23.0 | 31.6 | 68.4 | 208} 60] 3.04) + 
7 115 |6.0| 48.6 | 5.0| 38.6 | 18.8 | 22.4 | 77.6.| 190 | 58 | 3.05 
8 15 | 4.7 | 41.5 ORG eo 2) | L6s9s 2820 171.3) 12166 58 | 2.40 
9 15*5) 286) 4226 7.0 163) 16R9) 25.00] 74-58 158 60 | 2.22; + 
Oras qed | Alea tao) 2.0 T8ut 27.6) | 72-40 150 | 62: 2.17 
11 | 15* | 3.0 | 45.6 | 8.1] 3.0} 18.8 | 29.9 | 70.1 | 183 | 60 | 2.15) ++ 
12 | 30 | 2.6 | 47.7 (a0 | aSde2) | LOP2e b292Oe 70rd lel2eG 56 | 2.0 
13 | 30 1.7 | 49.5 M4 Bee) |) 13.0") 32-9) | 67-1) 166 2.19) ++ 
14 | 30 1.9 | 43.8 | 11.0 |} 3.0 | 22.0 | 36.0 | 64.0 | 151 2.07) ++ 
Plasma 
Oe ene Re re MR pa atone a eC Laue tiers niacesereusasinss 181 2.07) (Ga) 
DEED 6 cheseen cS. oo nC ue cts CeO Cho BERS ARERR eae Pe ee 144 1.67| Trace 
aCe at te Ah ES Bt peice at AR. oh Sith A hl SM RUREY A 133 1.67| Trace 
PAD oy sofa tai toys eR CSR cheek ckRin: Mo Badd dade: il » She 112 


* Restless. 


PROTOCOL 6 
No. 479; February 8, 1923; weight 9000 


a | 5 

5 
2 a | & B | 8 1 EB | z e 
P E : E z Bopp gh SI ies oa Reis ev nee 
1 10:15-10:30 6.9 | 33.7 Seo 4.7 | 20.8} 29.3] 70.7| 79.3} 61 
2, 10:30-10:45 Fist | S265) 4.3 3.0 | 25.0} 32.3] 67.7) 86.9} 60 | 3.31 
3 10:45-10:50 9.3 | Lost 3.0 149 58 | 4.08 
4 10:50-10:55 Soules 0 4.4 | 47.0) 51.4) 48.6 62 | 3.30 
5 10:55-11:00 5.6 | 44.4 0 3.5 | 36.0) 40.5} 60.0/170 56 | 4.0 
6 11:00—11:15 | 20.4 | 49.2 0 2.8 | 25.7) 28.5) 71.5|204 584|oele 
7 11:15—11:30 | 17.9 | 49.2 0 2 2 DAC T2373) -76-6)170 60 | 3.1 
8 11:30—-12:00 | 22.3 | 39.0 0 1.8 | 30.0} 31.8) 68.2/176 58 | 3.08 
9 12:00-12:30 | 18.0 | 39.7 6.3 2.7 | 36.7| 45.7) 54.3)144 56 | 3.13 
10 12:30- 1:00 | 14.4 | 39.1 4.8 9.4 | 34.0} 48.2) 51.8)144 50 | 3.13 
11 1:00— 2:00 | 30.0 | 40.5 3.6 8.0 | 29.3) 40.9} 59.1)121 54 | 2.99 
12 2:00— 3:00 | 25.3 | 42.3 oro 7.2 | 10.9] 31.6) 68.4/162 521-2560 


Dog not nauseated. No blood in lymph, but lymph becomes noncoagulable 


Plasma 
ri Vite" eee aeons 60.0 6.0 | 40.1] 46.1) 53.9l121 
Se Ee a ee ke 57.0 6.3 | 43.5] 49.8] 50.2 
Slt soee | eS 5A.5 6.5 | 41.5] 48.0) 52.0200 
Meiltie-ay se os) 8 51.0 6.4 | 63.7] 70.1| 29.9) 


Animal killed at 3:00 p.m. No marked engorgement of splanchnic area. 
Liver section taken. 


PROTOCOL 7 
No. 480; February 9, 1923; weight 11,000; anaphylaxis; iron dog 

5 a zZ 

: : a | 

Bp BE z 3 a =} s 
FI ae Ze F3 8 - & < 3 
E : Bz | BENS BAS Bd Bae a Ree ties 
z i a5 a (88) 8)/2)a|#e8)8|e}e] & 
Z & > fo Ba & a & 5 < AY 2 - 

mgm mgm 

1 | 10:45-11:00 | 8.4} 2.8 QO 82.0) 6.2 pape eden eee 1740.012 
2 | 11:00-11:15 | 5.4) 1.8 0 {30.3 5.0/10.6)24.3)39.9/60.1/3.72 171 
3 | 11:15-11:30 | 6.6] 2.2 0 |31.9| 6.0 9.0:24.539.560.5/4.0 219 
20 ec. of a 40 per cent solution of fresh egg albumin injected intravenously 
4 | 11:30-11:35 |12.4/12.4 0 38.3/10.7) 2. yl21.7/35.3164.7/2.5 23310012 
5 | 11:35-11:40 |18.0)13.0) +++ 43.4) 1.8 5.0 49.0/55.8)44.2)3.68 243,0.0184 
6 | 11:40-11:45 | 9.6) 9.6] +++ |40.4) 1.0) 9.0 34.7/44.755.3/3.65) 225 0.0134 
7 | 11:45-12:00 (23.0) 7.7) ++ 40.6) METS 4.0)36.8/42.5)57.5)4.32 225,0.015 
8 | 12:00-12:15 15.0} 5.0 + |39.8)11.3 2.7|36 .6)50.6/49.4/4.06 222 0.0131 
9 | 12:15-12:30 |16.0} 5.3) ++-+*|35.2/11.3 1.7/33.0,46 .0/54.0)3.84 189 0.0135 
10 | 12:30-12:40 | 7.2 3.6] +++ */34.3 9.0 2.3)33.3)44.655.4)4.06 190,0.0126 


* Restless. Animals became very restless at 12:15 and was taken from board 
at 12:40. The animal was evidently feeling well, strong, pulse full. No effect: 
apparent as far as general condition was concerned. Had had a liquid stool 


at 12 noon. 
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Of the three animals which received colloidal iron only one 
showed red blood corpuscles in the lymph after the shocking 
dose (protocol 8). This dog also gave other evidence of decided 
shock such as transient diarrhea and increase in sugar and 
phosphates. This dog was very restless and was taken from 
the board one hour after injection. At this time the pulse, 
respiration and muscular strength showed the animal to be 
in excellent condition. The animal remained in good condition 
during the twenty-four hours he was kept under observation. 
The lymph of the dog described in protocol 5 was also examined 
for iron, which was present in all samples. There was no apparent 
increase during or after shock. 


DISCUSSION 


Anaphylactic shock in the dog, as we interpret the findings 
in the lymph stream, consists primarily of an endothelial shock. 
In this shock that portion of the endothelium which is normally 
most permeable, that of the splanchnic area, is most concerned. 
As a result of a great stimulus, or of irritation, the permeability 
of the endothelium is suddenly increased, a variation which in 
fatal cases goes over to an irreversible condition of “fatigue.” 
The sudden increase of permeability throws an enormous quantity 
of fluid into the hepatic lymphatics, the liver becomes distended, 
the capillaries disorganized and blood corpuscles appear in the 
lymph. The specific protein to which the cells have been 
sensitized can rapidly leave the capillaries and come in contact 
everywhere with the cells of the parenchyma, resulting in a 
primary stimulus manifested by an increase in fibrinogen, 
globulins, sugar and phosphates. Coincidently with the primary 
stimulus there has been a liberation of antithrombic substances 
as well as proteolytic enzymes; these now alter the protein 
picture so that only smaller molecular aggregates will appear 
in the lymph, but phosphates and sugar will continue to leave 
the injured cells. A second factor will appear if the dog lives 
longenough. The passive hyperemia, as induced above, produces 
more tissue injury resulting in a secondary shock, similar in 
character to that which we have described in experiments with 
intraportal oil injections. 
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The ‘endothelial blockade,” such as we have produced 
with injections of sacchrated iron oxide, evidently modifies 
this picture to some extent. In the second series we have 
shown that while the control animal died, all three ‘‘ protected” 
animals have survived, and only one of these showed marked ~ 
evidences of alterations in thelymph. The effect of ‘‘protection” 
has become apparent in different ways. In some animals there 
has been no lymphagogue effect, in others the lymph remained 
free from blood corpuscles, in others the coagulation mechanism 
was not affected, in others the phosphate and sugar metabolism 
was decidedly altered. 

From the experiments we believe that we are justified in the 
assumption that the shock of the endothelium is one of the primary 
factors in bringing about the acute symptoms of anaphylactic 
shock in the dog, and that this shock can be altered when the 
endothelium is altered, as in ‘‘endothelial blockade.” The 
term ‘“‘endothelial blockade” is one, however, which is perhaps 
misleading, implying an alteration in the endothelium whereby 
it becomes less permeable. This is by no means certain. 
Siegmund (3) has, for instance, found that the injection of 
various colloids seems to alter the endothelial cells so that they 
are more active in taking up dyes and pigments. A modification 
of the anaphylactic reaction such as we have observed might 
therefore be interpreted as due either (a) to a true blockade of 
the cells or due to (b) an increased activity of the endothelial 
elements involving perhaps a more rapid destruction of the 
antigen and a consequent protection of the parenchymal cells 
of the splanchnic area. 
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During the course of the studies on endothelial permeability 
made with thoracic duct fistulas we have had occasion to study 
the effect of varying doses of peptone injected intravenously. The 
effect of peptone has been studied intensively; usually relatively 
large doses have been injected and it has been found that there 
undoubtedly follows an increase in the rate at which colloids 
(hemolysins, agglutinins, antitoxins, foreign serum, etc.) pass 
through from the capillary bed to the lymph stream. Yet there 
seems some doubt whether we are dealing with an actual alter- 
ation in the permeability of the endothelium or are dealing 
purely with an increased intraportal pressure, as Abe (1) sug- 
gests. Starling inclines to the view that both an increase in 
intraportal pressure and an increased permeability of the endo- 
thelium must take place (2). If we deal with the purely mechani- 
eal factor of increased intraportal pressure we must assume that 
the lymph will not be altered in concentration, or if altered, the 
proteins will be at first diminished in amount, as we have demon- 
strated when we produce an intraportal blockade. If, on the 
other hand, we deal with alterations in permeability, then 
we might expect an increase in the concentration of proteins even 
when the intraportal pressure is little altered; we might also 
anticipate that following the primary stimulus the endothelial 
permeability will, if the dose be large, increase as fatigue sets in; 
if the dose has been small, it will diminish when the reversal of 
the state of the cell membrane takes place. 
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The following protocols illustrate our findings: 


PROTOCOL 1 
No. 438 
NUMBER TIME pipe st encoste FIBRIN | SUGAR 
minutes ce. mgm. per cent | 

1 15 1.0 
2 15 0.7 44.0 5.9 118 

3 15 1.4 

4 15 ites 

0.3 gram peptone intravenously 

§ 5 1-2 
6 5 i Lr 49.2 6.0 108 

7 5 2.4 
8 15 1.66 46.1 6.3 118 
9 15 by, 45.8 6.1 111 

10 15 1-5 
43.9 7 ata bal 

11 15 1.4 

12 115) 1.4 
42.3 5.4 125) 

13 15 i223 
14 30 1.6 41.2 Bao 124 
15 30 0.9 39.4 5.5 92 


Comment. With this small dose (which is still much greater 
than that used therapeutically) only a slight lymphagogue 
effect can be noted, but the protein of the lymph is increased. 
This, however, diminishes continuously and within an hour and 
a half has already become less concentrated than before the 
injection. It later is diminished about nine per cent below 
the preinjection level. With these small doses of peptone 
there is no incoagulability of the lymph, indeed the fibrin is 
actually increased in amount to a slight extent. At the end 
of the experiment, protein, sugar and fibrin are all at a lower 
level than before the injection. 


a 
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PROTOCOL 2 


No. 442; weight 7800; 50 mgm. peptone per kilo 


TOTAL 


VOLUME PROTEIN BILE HEMo- | SUGARIN 
NUMBER TIME PER 5 PER CUBIC FIBRIN SUGAR PIGMENT GLOBIN BLOOD 
MINUTES CENTI- aan) PLASMA 
METER 
minutes cc. mgm. per cent per cent 
1 30 1.4 39.8 4.0 142 0 98 


400 mgm. peptone plus 15 cc. hemoglobin solution intravenously 


2 5 4.6 40.2 5.2 146 5 

133 
3 5 7.6 53.5 4.8 173 15 
4 5 4.5 4.4 176 15 
5 5 3.6 47.7 4.4 176 
6 5 2.6* 4.4 173 13 
5 30 £9 42.5 5.8 115 

90 
8 30 1.3 42.0 4.7 ine 
9 30 1.5 42.0 4.7 111 

94 
10 3 1.5 37.8 3.7 80 | Trace 
11 30 1.3 35.5 3.6 87 | Trace 

83 
12 30 0.8 37.7 3.2 80 | Trace 


* Animal has chill. 


Comment. In this experiment a larger dose of peptone was 
injected but it was given simultaneously with 15 ec. of a hemo- 
globin solution, so that the toxicity was modified. It will be 
noted that the hemoglobin makes its appearance quite promptly 
(within five minutes after intravenous injection; i. e., within the 
same time that crystalloids pass through from the blood stream 
to the lymph stream), striking evidence of the prompt increase 
in permeability. 

The lymphagogue effect was somewhat more marked in this 
experiment, as was also the effect on the sugar mobilization. 
Here again the level of the protein, the fibrin, and the sugar was 
lowered at the end of the experiment. 

When now we turn to a same dose given in a concentrated 
form (5 cc. of saline) the effects are quite different. 
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PROTOCOL 3 
No. 474; weight 7000; peptone 50 mgm. per kilo 


VOLUME PROTEIN | 


NUMBER TIME eaten “CENT FIBRIN SUGAR | CO2 May mee 
minutes ce. mgm. per cent 
1 15 23 34.5 5.7 151 68 432 | 5.25 
2 15 1.0 36.1 27, 145 58 5.31 
350 mgm. peptone intravenously 

3 5 2.9 46.2 | 0 148°) 455s Gy ees 
4 5 3.5 42.2 0 152 55 3.83 | 5.09 
5 5 3.1 0 172 |/48 4.85 
6 15 2.36 40.0 0 200 “|<—38 3.33 | 4.71 
7 15 2.66 35.1 0 144 58 3:73 ..|, 4292 
8 15 1.85 36.55 | 7.2 148 |/48 3.41 | 5.05 
9 15 1.6 42.5 S22 1552| 56 3.76 | 5.05 
10 15 1.9 41.7 8.5 118 |/44 4.16 | 5.07 
11 30 1.8 42.1 9.5 129.%| 54 4.16 | 4.98 
12 30 13 45.1 S22 124 50 4.80 | 4.92 
13 60 1.15 44.7 7.4 118 53 4.16 | 5.09 
14 60 0.9 42.3 7.0 118 4.10 


Comment. In this experiment we must distinguish two phases 
of stimulation, the one induced by the primary injection of the 
peptone, the other a secondary effect due probably to liver injury 
and the resulting liberation of further toxic products from the 
liver. It is not to be excluded that this secondary effect may in 
part be due to the effects of the primary hyperaemia of the 
splanchnic area, the stasis in itself causing tissue asphyxia, injury, 
and a secondary liberation of toxic products. When we examine 
the effects on the concentration of the proteins of the lymph we 
find the primary increase following immediately on the peptone 
injection. This seems to be followed by a prompt recovery, 
with diminished permeability. (It is not to be excluded that 
the dilution of the lymph proteins observed here may not be due 
to the increased intraportal pressure, but we are inclined to the 
view that the cause is to be sought rather in a prompt reversal of 
the endothelial membrane.) There then follows the typical 
secondary rise in lymph protein beginning with sample 11 and 
continued during sample 12. Both the phosphate and resistance 
curves of the lymph plasma show alterations that are related 
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to this secondary rise. It will be noted that the phosphates 
increase immediately after the peptone injection, then diminish 
markedly, but a secondary rise occurs in sample 12. Maxi- 
mal ionization takes place some time after the primary in- 
crease in phosphates, and a second period of lowered electrical 
resistance takes place in sample 12. There seems also a definite 
relation between the acidosis and the sugar excretion. A maximal 
sugar concentration is reached in tube 6 which also represents 
the lowest CO, reading. Rhythmic fluctuations then take place 
in the CO, and each time the lower level is reached an increase 
in sugar output follows in the next sample of lymph. In this 
animal the preinjection levels for total protem and fibrin had 
not been reéstablished at the end of the experiment. 


PROTOCOL 4 
No. 439; weight 13000; peptone 50 mgm. per kilo 


z Zz z ) 8 
4 a a q 
= is) S nD 
Ak Ae 2 S 4 Z, 
1 | 
> A & 2 Z S) 
fz p z Zw =] 6 
oO <z% = 
rs Z 2 f a 
ia =| 25 a Hm 
8 a Q Q as) 3 <i 
ma a A 3 fa a a5 
“ g ze 2) a o PO S aa) Z 
a mn aA s < m x R35 ° Q | 
a Ba | & . a a iS ic a 9 S 
g B = : & re] g rie) p “9 3) 
a af SI Z ro) 2) Q 
Dp a So a ro) S} a pA a BG 
=] & S ol =) n fo) 4 
a a > & a cy a & a 7 & < 
per per 
Oe mom cent cent 


1 |10:30-11:00} 2.6 | 39.4) 0.15 | 0.05 0 2.0 | 29.0 | 27.0 | 58.0 | 42.0 
650 mgm. Witte peptone injected intravenously 


11:00-11:05| 7.8 | 42.0! 0.24|0.06| o 12.1|36.0/2 


2 2.0 | 60.1 | 39.9 
3 |11:05-11:10} 9.0*| 50.0; 0.36 | 0.07 0 0 | 33.0 | 28.0 | 61.0 | 39.0 
4 |11:10-11:15] 6.8 | 50.0) 0.26 | 0.16 0 O | 28.0 | 28.0 | 56.0 | 44.0 
5 |11:15-11:30} 4.0 | 42.4) 0.23 | 0.19 | Trace O | 40.0 | 16.2 | 56.2 | 48.8 
6 |11:30-11:45] 4.2 | 40.0} 0.20 | 0.16 | Trace 0 | 26.0] 3.5 | 29.5 | 70.5 
7 |11:45-12:00| 4.1 | 38.6/0.20|0.10| + 0} |'24/0) 1 2°6: | 266 h 7304 
8 |12:00-12:30| 3.3 | 43.11 0.21 | 0 “27 ht. 6 20.0! |. 7.0) 128 eames 
9 /12:30- 1:00} 3.3 | 43.7} 0.26 | 0 + 3.0 | 22.0 | 6.4 | 31.4 | 68.6 
10 | 1:30- 1:45] 2.0 | 40.0/0.26} O | +++ |2.0| 24.5] 2.7 | 19.2 | 70.8 
* Red blood corpuscles through at 11:08. 
Plasma before injection 
11:05 48.4 0 33.0 8.6 | 41.6 | 58.4 
11:30 48 .4 0 31.0 8.6 | 39.6 | 60.4 
12:30 48 .4 0 28.0 10.0 | 38.0 | 62.0 
2:00 45.0 0 34.0 11.0 | 45.7 | 54.3 
42.6 0 35.0 
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In protocol 4 we illustrate the same dose, again followed the 
secondary rise in the protein of the lymph an hour after the 
injection. This corresponds with a similar increase in the 
non-protein nitrogen of the lymph. Protease, determined by 
chloroform digestion of the lymph proteins and expressed in 
terms of milligrams digestion per cubic centimeter is increased 
after the injection and remains high during the time that the 
lymph remains incoagulable. A marked alteration in the rela- 
tion of the lymph proteins is manifested by a transient increase 
in globulins after the injection, followed by a marked increase 
in the albumins, this followed by an increase in the larger 
molecular aggregates (particularly fibrin) at the time of the 
secondary increase in lymph proteins. An analysis of the pro- 
teins of the blood plasma reveals the relatively great concentra- 
tion of the lymph proteins in comparison thereto. In this 
experiment the preinjection level of the lymph proteins had been 
restored at the end of the experiment. 


PROTOCOL 5 
No. 487; December 4, 1922; weight 6.9 kilos; peptone 0.1 gram per kilo 


z z 2 
a r=) a 
a o =} 
gz 
> Q a Zz 
- p Zw * 
1S) <z 5 
& & Za a G 
Q A. BE ° & 
cy a Pa Pe yz, = 
5 a Ze aS 8 - S 
= a2 5 a Zz oF a 3 & 
= =] Pe ea < S RO p i=) 2 
3} z SP Be g A BA = 3 3 
Zz & > Pe 2 & =] fe < a 
ce. mgm. per cent | per cent 


1 | 10:15-11:00 | 0.9 | 39.42 | 141 3 23.0 | 12.1} 61.9) —— 


0.69 grams Witte peptone injected intravenously 


2 | 11:00-11:05 | 0.4 | 43.7 132 0 22.2 | 18.7 | 59.1 | —— 
3 | 11:05-11:10 | 5.2 | 51.0 170 0 24.2 | 23.7] 52.1) —— 
4 | 11:10-11:15 | 4.4 | 51.9* | 232 0 23.0} 24.0] 53.0 | —— 
5 | 11:15-11:30 | 2.5 | 46.83 | 259 0 20:8) 19:2 1° 60:0) 
6 | 11:30-11:45 | 2.3 | 45.5f 50 0 18.8 |. 20:47) .6-85 0 
7 | 11:45-12:00 | 1.3 | 47.0 0 9 Ls 
8 | 12:45- 1:00 | 2.1 | 47.0¢ | 200 3.4 167°} 20.6 | 58.3 )-E 
9 2:00— 2:30 | 0.8 245 3.2 +--+ 


* Red blood corpuscles appear. 
t Slight hemolysis. 
t Plasma is yellowish. 
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In protocol 5 we illustrate the effect of a larger dose of peptone 
(0.1 gram per kilo). The primary effect on the globulin-albumin 
ratio is quite apparent in the increase in the larger molecular 
aggregates, followed by a restoration to the original. Second- 
ary rises are to be noted in the protein and sugar curves. In 
protocol 2 we showed that when hemoglobin is injected at the 
same time as peptone, the hemoglobin appears promptly in the 
lymph stream (within five minutes). If, however, we give the 
hemoglobin some time after the peptone injection, we find that 
the hemoglobin is retarded so that only a trace can be obtained 
at the end of the fifteen minute period. 

Such an experiment is illustrated in protocol 6. 


PROTOCOL 6 
No. 443; December 13, 1922; weight 7200; peptone 


VOLUME PER 
NUMBER TIME FIVE MINUTES HEMOGLOBIN BILE PIGMENT SUGAR 


ce per cent 


1 10:25-10:55 0.75 0 160 


350 mgm. peptone intravenously 


2 10:55-11:00 1.2 0 250 
3 11:00—-11:05 1.6 0 400 
4 11:05-11:10 Ls | 0 363 
5 11:10-11:25 0.9 Positive 298 
6 11:25-11:40 0.8 Positive 285 
20 cc. hemoglobin solution intravenously 

7 11:45-11:50 0 

8 11:50-11:55 0 

9 11:55-12:00 Trace 

10 12:00-12:15 46 

11 12:15-12:30 46 

DISCUSSION 


Analysis of the lymph of the thoracic duct following the 
intravenous injection of peptone indicates that we are dealing 
with changes primarily dependent on alterations of the endo- 
thelial permeability, associated with secondary alterations that 
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apparently take place in the liver parenchyma. Previous 
workers have shown that large molecular aggregates, hemolysins, 
agglutinins, foreign serum, precipitins, antitoxins, etc., pass more 
rapidly from the blood stream to the lymph after the injection 
of peptone, and Teague (8) suggested that the therapeutic 
effect of peptone in non-specific therapy was based largely on 
this fact. Osato has suggested that use could be made of the 
same fact whenever we wished to rapidly saturate the organism 
with an antitoxin, as in diphtheria. 

The following interpretation of the experimental facts that 
we have presented in the preceding protocols seems warranted: 
The injection of small doses of peptone may be followed by 
little or no alteration of the intraportal pressure (occasionally 
a diminution with small doses) but there results a primary 
stimulation of the endothelium. This involves an increase in 
permeability, indicated by the increase in proteins, the relative 
increase in globulins, the rapid passage of hemoglobulin from 
the capillary to the lymph stream. Associated with this 
effect is a stimulation of the liver parenchyma (indicated by 
an increase in the fibrinogen, sugar, phosphate, diminution of 
the electrical resistance, etc.). These changes are rapidly 
reversible, the protein of the lymph diminishing, as does the 
phosphate, sugar, fibrin, etc., which are usually depressed 
below the preinjection level. The endothelium at this time is 
less permeable to hemoglobin. 

When a larger dose of peptone is injected the evidences of 
the primary stimulation are similar in their general character, 
but are greater in extent. Non-protein nitrogen is increased, 
proteolytic enzymes are mobilized and the lymph becomes inco- 
agulable. A fluctuating acidosis may be observed, the extent 
of which seems to have an important bearing of the degree of the 
sugar mobilization. These alterations are again reversible, the 
protein of the lymph diminishing, as does the sugar, the phos- 
phate, the ratio of the globulins, ete. 

Then a secondary rise takes place in which practically all 
the factors that we have studied take part. This second period 
is a result, we believe, of changes produced in the liver and 
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intestine. This may be the result of liver injury by the peptone. 
As a result secondary toxic products arise which are thrown into 
the circulation during the course of an hour or two after the in- 
jection and again intoxicate the organism (a vicious circle). It 
may, however, be the result of the partial portal blockade that 
is produced when the peptone injures the liver endothelium, 
causes edema and passive hyperasemia of the liver and, as a con- 
sequence, an acidosis; this to be followed by parenchymal 
degeneration, disintegration and the liberation of toxic sub- 
stances into the general circulation. We incline to the belief 
that both factors play an important part in the production of 
an intoxication in peptone shock in dogs: the results of the 
experiments that we have carried out would seem to be in ac- 
cord with this conception. This secondary alteration in the 
lymph which we have repeatedly observed might presumably 
be brought about, not by the injury of the liver parenchyma, 
but by a lowering of the portal blood pressure. A study of the 
portal blood pressure tracings recently published by Manwaring 
and his associates (5) in peptone shock of the dog makes this 
view rather improbable. Manwaring finds that a well marked 
primary rise in the intraportal blood pressure takes place, this 
followed by a continued fall during the hour after the injection, 
the final level being apparently somewhat lower than before 
the injection. 

In view of the fact that peptone has found extensive employ- 
ment in non-specific therapy both in this country and in 
European clinics, the effects that we have described with small 
doses are of some therapeutic interest. These doses are of 
course larger than those ordinarily used in clinical work but it is 
to be remembered that in the patient we frequently deal with 
an endothelial system already somewhat more permeable because 
of the stimulation of toxins arising from the infection; occasionally 
with an endothelial system that is actually in a state of fatigue. 
Injections in such individuals are naturally followed by more 
severe reactions than when given to normal persons and the 
clinical results are merely those that we expect to witness in 
severe shock. There can be no therapeutic warrant for such 
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employment. When, however, we deal with very small doses 
of peptone in individuals in whom we have no reason to believe 
that the endothelial system is irritated or fatigued, the clinical 
benefits that have been described seem logical. The small 
dose is followed by a transient stimulation and then a relatively 
lessened permeability. There will follow a relative increase 
in resistance to certain forms of intoxication, particularly 
those that we associate with sensitization in some form, such 
as urticaria, furunculosis, arthritis, migrane, angioneurotic 
edema, hay fever, etc. This is in agreement with the effects 
that have been described on nitrogen metabolism—a temporary 
increase followed by a diminution in the nitrogen excretion; 
on basal metabolism—a temporary increase followed by a 
diminution; on the water metabolism—a temporary increase 
in the water loss followed by a retention; on the weight curve—an 
increase in weight; on the temperature curve in cases of fever 
—an increase followed by a diminution that may be temporary 
or permanent; to mention but a few of the fundamental phe- 
nomena that seem to be associated with these reversible changes 
in the cell surfaces of the endothelium and the parenchymal 
cells of the major viscera. 
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During the many years that tuberculin has been used in the 
therapy of tuberculosis, years in which it has had as enthusiastic 
approval as it has had unqualified condemnation by clinicians 
the world over, the basis of its use has centered about the idea 
that in some way tuberculin had value in increasing the “‘anti- 
body resistance’ to the infection or in desensitizing specifically 
against the toxic products of the infection. Just how this was 
induced has never been satisfactorily explained. Yet we do know 
definitely that if it has value in some cases, that value cannot be 
due to the antibody mechanism. Increase in antibody concen- 
tration in the blood need bear no relation whatever to either 
clinical improvement or regression. 

Granted that therapeutic results may at times be observed, 
how are they brought about? We are of the opinion that we 
must seek the answer in a field seemingly quite remote from anti- 
body reactions and one which has heretofore been little cultivated, 
namely in alterations in the endothelium, not only of the vascular 
system but the itinerant endothelium that plays so large a réle in 
the tubercle itself, alterations that bring about change in the 
water balance of the tissues and the fluids permeating the tubercle. 

Very shortly after the preparation of tuberculin Gartner and 
and Romer, to whom we owe many interesting bacteriological 
observations, noted that the injection of tuberculin was followed 
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by some lymphagogue effect. The volume of the lymph stream 
and the solids of the lymph increased, the only difference from 
the lymphagogue effect of the first class as described by Heiden- 
hain lay in the fact that the lymph seemed to clot more readily 
instead of becoming incoagulable. Given subcutaneously, there 
seemed little effect, but the number of lymphocytes increased in 
the lymph and the clotting increased. 

Thirty years have elapsed since that time and few observations 
have been added that bear directly on the problem. May (2) 
as well as Reichmann (3) have noted that a diuretic effect may 
follow tuberculin injections and Escherich (4) as well as Saathoff 
(5) have ascribed the increase in weight following tuberculin in- 
jections as due to a change in the water balance of the tissues. 
To Meyer-Bisch (6) we owe a careful study which we should like 
to review very briefly. 

Meyer-Bisch first calls attention to the daily physiological fluc- 
tuation of the water balance of the body. The fluctuation varies 
from 500 to 1500 grams, reaching a maximum in the evening and 
a normal level in the morning. Coincident with this there is a 
concentration of blood in the evening, the blood proteins in par- 
ticular being considerably increased in amount. This daily vari- 
ation occurs in the tuberculous individual as it does in the normal, 
with the exception that as cachexia supervenes, the blood proteins 
may be diminished. Meyer-Bisch then examined the relation 
in tuberculous individuals when tuberculin was given. The dose 
was from 0.5 to 1 mgm. O. T. and fever seldom followed, so that 
the changes that he has observed do not depend merely on febrile 
alterations. In 32 cases studied he noted that in 70 per cent an 
alteration of the normal daily alteration of the water balance was 
induced. The changes that he describes are the following: 


a. In the first group the patient lost weight, the blood became more 
concentrated after the injections and this change persisted for a con- 
siderable period of time. 

b. In the second group the blood at first became more dilute and the 
patient gained weight for a short period of time, then the reverse 
changes took place. 
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c. In the third group the blood became more dilute immediately 
after the injection and the patient increased in weight. This increase 
persisted. 


That these effects were specific for the tuberculin seemed evi- 
dent from the fact that intramuscular milk injections were not 


PROTOCOL 1 
No. 446; December 18, 1922; weight 7800 Kilos; tuberculin O: Fs ft ceye 


CENTIMETER 
GLOBULINS 


VOLUMDE PER FIVE 
MINUTES 


PROTEIN PERCUBIC 
PSEUDOGLOBULINS 
TOTAL FIBRIN AND 


EUGLOBULIN 


v4 B 
= e 
es Zz 2 EI Po : 
= = ei < BR 3 a 5 
z 5 5 E B 3 z 
1 10:30-10:45)2.3 30.1 5-5 | 13-4 3) 202 1 7ar8 153 0 4.5 
2 10:45-11:00/2.5 29.7 | 6.0 | 1523) 4.526 1 | 739 153 0 Bre. 


et 


1 ce. O. T. intravenously 


3} 11:00-11:05/3.5 29.3 5.8 18.0| 3.4] Peel 4 PASS 153 0 11.0 
4} 11:05-11:10)3.4 !26.15) 2.8 | 17.6) 5.5) 25.9 | 74.1 153 0 5.0 
5 | 11:10-11:15|2.7 |30.86] 5.8 | 28.6} 1.4! 35.8 | 64.2 181 0 5.0 
6 | 11:15-11:30|2.6 |27.20] 5.8 | 20.6} 4.9] 30.4 | 69.6 0 5.0 
7 | 11:30-11:45/2.6 (30.8 | 5.2 | 14.6] 3.0] 22.8 | 77.2 160 0 4.15 
8 | 11:45-12:00)1.7 |31.37| 4.2 | 14.6] 5.9] 24.7 | 75.3 135 0 4.5 
9] 12:00-12:15/1.9 

10 | 12:15-12:3011.6 \1.63 5.3 | 5.7| 14.4) 25.4 | 74.6 119 4.0 
11 | 12:30-12:45]1.4 

12| 12:45- 1:0011.5 \s0.75 5.5 | 8.3] 10.3] 24.1 | 75.9 97 0 4.25 
13] 1:00— 1:15]1.7 

14| 1:15- 1:3011.2 \0.88 5.4] 8.4] 14.0] 27.8 | 72.2 122 0 5.9 


15} 1:30- 2:00/1.1 81.07| 5.0} 9.0) 10.9! 24.9] 75.1! 118 0 4.7 


16 2 0 3, 0810 06 33.3 | 4.5 | 3.7] 16.0) 24.9 | 75.1 9 Trace| 5 
17} 3:00- 4:00,0.97 32.1 | 3.7 | 3.9) 17.4] 25.0 | 75.0 Trace| 5 


3 
0 
followed by the same results. He noted that other lymphagogues, 
among them arsenic, might have the same effect as tuberculin 
when given in small doses. These, however, had an effect on the 
normal individual as well as on the tuberculous. We are ob- 
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viously dealing here with an alteration of the endothelium of the 
capillaries and with the power of the cells and intercellular col- 
loids of the body to hold water. 

This Meyer-Bisch has recognized and he has carried out a num- 
ber of experiments with lymph fistulas in dogs to illustrate the 
changes. He found that if he injected a small dose of salt or 
sugar into the blood stream and then studied the protein concen- 
tration, and the rate of flow, as well as the salt concentration, 
two definite alterations would invariably be found. A primary 
lymphagogue effect with an increase in the amount of protein 
contained in the lymph, this to be followed by a final reduction 
in the rate of flow and a diminution in the concentration of pro- 
tein. This latter effect persisted for a considerable length of time. 
He concluded that both with tuberculin injections as with these 
small injections of salt and sugar the endothelium was so altered 
that it had become less permeable. 

Inasmuch as this phase of the effect of tuberculin has hereto- 
fore received but little attention we have carried out a number of 
experiments and will illustrate the results with a series of typical 
protocols. In the first experiment is shown the effect of a large 
dose of tuberculin (1 ec. O. T.) when intravenously injected in a 
normal dog (No. 446). 

Comment. A number of rather striking alterations will be ob- 
served. A lymphagogue effect follows immediately after the 
injection, without alteration in the protein content of the lymph, 
except a moderate secondary rise noted in samples 11 and 12, 
taken about an hour and a half after the injection. A curious 
reversal in the proportion of euglobulin to the pseudoglobulins 
takes place with tubes 9 and 10, a change which persists during 
the course of the experiment. Lymph sugar, after the initial 
increase, shows a secondary rise in samples 13 and 14, correspond- 
ing with an increase in phosphates. The very great increase 
noted immediately after the injection of the tuberculin in the 
phosphate curve is in part accounted for by the phosphates 
injected with the tuberculin. (One cubic centimeter contains 
approximately 40 mgm. inorganic phosphate.) 
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In the following two experiments a smaller dose was used and 
inasmuch as the results differ in some details we show both 
protocols. 

Comment. A slight lymphagogue effect, reaching a maximum 
at the end of fifteen minutes, instead of immediately after the 
injection as with the larger dose. The protein of the lymph show- 


PROTOCOL 2 
No. 448; December 27, 1922; weight 8200; Normal O. T. 
5 3 3 
a Be a 8 a z a) 
ee [eS Bi aieeh Zz a PI 
<j ae Za fs) oa 2 iol ° ie 
3 ‘ Bet ee ah te Meee dae fo mee ae : Ps 
eee ee) shee sl Bo a lc eth go [ae 
mgm.| cent | cent on 
1} 10:15-10:30} 2.6 |36.1 | 8.4 | 10.0} 23.8) 42.2 | 57.8 118 0 8.0 
2) 10:30-10:45] 1.7 |30.9 | 5.8 | 10.6) 25.8] 42.2 | 57.8 128 0 8.5 
3} 10:45-10:50! 1.3 30.77 7.0 | 10.6} 30.2} 47.8 | 52.2 150 0 8.5 
1 ce. O. T. 1:100 dilution 
4| 10:50-10:55| 1.48 | | 
32.271 6.1 | 10.0; 33.0) 49.1 | 50.9 180 0 thst 
5 | 10:55-11:00! 1.9 49.5 | | 
6 | 11:00-11:05) 3.0 (380.43) 6.0 | 11.6] 32.9 | 50.5 145 0 7.9 
48.0 
44 19205-11220) 2.5 3381.5 | 6.3: | 10.6) 31.1 52.0 140 0 73} 
50.9 
8 | 11:20-11:35] 1.9 |80.8 | 9.4 9.4) 34.7 49.1 125 0 8.5 
44.7 
9 La ee eA Ae sealer! ey alles 5) 33 140 0 7.9 
10} 11:50-12:05; 1.4 129.4 | 7.1 4-1 363] 49.9" | 50r1 158 0 8.0 
11 12:05-12:35) Jie) | Ptohar el) yea 7.0) 32.4) 44.9 | 55.1 131 0 8.0 
12 | 12:35- 1:05) 1.9 30.57 Del 6.0] 33.1) 44.2 | 55.8 131 0 7.6 


ing only minor alterations, with, however, a gradual reduction of 
fibrin as well as euglobulin. There is some evidence of a second- 
ary effect in that the total fibrin as well as globulin is increased 
in sample 10, at the same time that the lymph sugar shows a final 
increase. 
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Comment. This animal responded with little alteration in the 
rate of flow and in general a reduction in the amount of lymph 
protein, except for a transient rise in samples 8 and 9. Just be- 
fore this took place an increase in fibrin, euglobulin and pseudo- 
globulins was to be observed. In this experiment we find a well 
defined initial reduction in the lymph sugar, with an equally well 
defined and continued increase in the phosphates. When hemo- 


PROTOCOL 3 
No. 447; December 20, 1922; weight 9200 


e | 8 | Bel ae 

= ae ae ai ee| E 

aa | BR ae |S Z 3 g 
a a a= a : <n z g Hi 
g : Bet ee lta S| ears) Baal ae Bee es ie 
A 5 Ba. | 50. Ret) Eola ee le SS 
Zz & > m & Rg iY) & < 2 ) & 

mgm.| cont rit ont one 
1| 9:45-10:00) 1.6 [41.5 | 3.6 | 0.5 | 23:5) 27.6 | 72.4 | 151 0 | 4.8 
2| 10:00-10:15) 1.2 
47.6} 2.5 | 0.5 | 21.0} 24.0 | 76.0} 1380 0. 447 
3 | 10:15-10 :30) 1.3 
©. T..5-ce: 1:500 

4| 10:30-10:35| 1.45] 45.1) 2.8 58 0 ae 
5 | 10:35-10:40} 1.4 | 45.9} 2.8 58 0 5.2 
6 | 10:40-10:45] 1.4 | 42.7| 2.5 55 0 5ie 
7 | 10:45-11:00] 1.2 | 40.7) 3.1 | 1.6 | 26.0) 29.7 | 70.3 74 0 6.3 
8 | 11:00-11:15} 1.6 | 44.7) 3.1 | 3.1 | 17.3) 23.4 | 76.6 100 0 Esevé 
9 | 11:15-11:45) 0.96} 44.8] 2.5 | 1.1 | 16.0) 19.6 | 80.4 129 =e iea8 
103) 1:245-13:15} 0-85] 42-8) 2:7 | 0.7 | 18-7) 22.0 (7729 111 + 5.3 
11 | 12:15-12:45] 1.0 | 42.0] 2.7 | 0.7 | 18.4] 21.8 | 78.2 151 == 6.0 
12} 12:45— 1:15} 0.87] 40.1) 2.7 | 2.4 | 20.3) 25.4 | 74.6 127 + 6.3 


After completion Hb was injected. Appearance delayed in lymph. 


globin was injected intravenously at the end of the experiment, 
its appearance in the lymph was retarded. 

’ This experiment, in which the injection of O. T. 1:10 was fol- 
lowed by little lymphagogue effect, reveals in general a reduction 
of the concentration of lymph proteins, of sugar and of phos- 
phates (after an initial increase). Hemoglobin injected an hour 
after the injection of the tuberculin was markedly delayed in 
appearance in the lymph stream, the first trace being apparent 
after twenty-four minutes. 
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ANIMAL WITH SPONTANEOUSLY HEALED TUBERCULOSIS 
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The following experiment offers an interesting contrast from 
the preceding ones in that the injection of the tuberculin was fol- 
lowed by a much more marked reaction. 


PROTOCOL 4 


No. 450; December 29, 1922; weight 9200, O.T. 


NUMBER 


1} 10:07-10:15) 3.15) 38.9) 5.0 | 4.3 


MINUTES 
CENTIMETER 


VOLUME PER FIVE 
I AND II 


PROTEIN PER CUBIC 
PSEUDOGLOBULINS 
FIBRIN AND GLOB- 


EUGLOBULIN 


per per per 
cent 


16.0) 25.3 | 74.7 


2| 10:15-10:30| 2.1 | 38.6] 4.1 | 3.3 | 18.4) 25.8 | 74.2 


145 
125 


PHOSPHATE 


5.6 


HEMGLOBULINS 


1 ce. O. T. 1:10 intravenously 


3 | 10:30-10:35)/1.9 | 34.3) 5.3 | 3.8 | 18.4) 27.5 | 72.5 | 125 8.0 

4 | 10:35-10:40)//2.4 | 36.1) 8.6 | 3.8 | 18.2} 30.6 | 69.4 | 115 5.4 

| 10:40-10:45))2.7 | 34.3) 3.8 | 3.8 | 20.6) 28.2 | 71.8 | 113 5.6 

6 | 10:45-11:00} 2.3 | 35.9] 0.6 | 5.2 | 16.6] 22.4 | 77.6 | 125 5.3 

@| 11:00-11:15) 2.2 | 36.3) 3.9 | 4.2 | 18.2) 28.3 | 71.7 | 122 5.2 

8 | 11:15-11:30] 2.0 | 37.8] 0 6.7) 1728.24.58 |) 75250 | 107, 5.5 

20 cc. Hb solution intravenously 

9| 11:380-11:35 

10 | 11:35-11:40)71.4 | 38.3) 3.4 | 8.2 | 19.7] 31.3 | 68.7 | 133 6.2 

11 | 11:40-11:45 

12 | 11:45-11:50 

13.) 11250-11:55)71.6 | 36.4| 1.6 | 9.2 | 16.5] 27.3.| 72.7 | 124 5.6 2.5 
14 |11:55-12:00* 

15 | 12:00-12:05 

16 | 12:05-12:10/71.0 | 35.8] 0.4 | 7.5 | 16.7| 24.6 | 75.4 89 6.2 8.5 
17 | 12:30-12:15 

18 | 12:15-12:30) 1.3 | 37.5) 1.3 | 6.0 | 16.7| 24.0 | 76.0 89 6.3 | 10.0 
19 | 12:30-12:45) 1.7 | 38.1) 3.0 | 1.8 | 18.0] 22.8 | 77.2 96 6.0 | 18.5 


* Hemoglobin in this sample. 
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Comment. In this animal, presumably normal, we injected 
1 cc. of old tuberculin in 20 ce. of hemoglobin solution. The in- 
jection, it will be noted, was followed by a decided lymphagogue 
effect which persisted for approximately two hours and was ac- 
companied by an increase in the lymph proteins. This latter 


PROTOCOL 5 
No. 465; January 11, 1923; weight 135; tuberculin and hemoglobin 


& = 
ee a a 2 P a et | 
oi ae Bo Se oe a | ea] 8 Fa 
F ae| ze Sal ced) Gl ai eon a : 
a q ee| #& |Be|aa|ae| 2] 2/88] 8 | 2 
~ =| pe ~ a 
7 2 ef] 2° | Belen) BA) 2) eee ee oe 
mgm font 
12:00-12:15| 0.8 91149.5 
12:15-12:30| 1.2|$55.6 |1.53/22.8/24.33/75.6710.29 |10.0 95'62.6| 5.46 
12:30-12:35/1.6* 97|74 .2 
12:35-12:40/5.1 | 57.12 |4.6 |21.0/25.6 |74.4 26 |101/63.6| 6.40 
12:40-12:45/5.2 | 60.0 |3.6 |20.1/23.7 |76.3 |$0.53/10.04| 35 |125165.3) 6.40 
12:45-12:50/5.1 | 57.6 (3.3 |20.0123.3 176.7 32 |138/66.5] 6.84 
12:50-12:55/3.5 133|52.8] 6.32 
57.12 |4.5 |19.2/23.7 |76.3 37. 
12:55- 1:00/3.0 139/64.3 
0.30/24.5 
1:00- 1:05/3.4 {|126)62.6 
53.1 |4.2 |18.8/23.0 |77.0 38 6.74 
1:05- 1:15/2.3 er 73.9 
1:15- 1:30/2.3 | 53.1 |4.7 |17.3/22.0 178.0 | 0.32/19.6 | 30 |116/68.1] 6.66 
1:30— 2:00/2.1 | 49.16 |5.3 |19.5/24.8 |75.2 28 |111169.4| 6.76 
2:00—- 2:30/2.3 | 51.0 13.5 20.423.9 76.1 32 | 98/64.5| 7.46 
2:30- 3:00]1.8 | 49.2 13.2 |21.0124.2 175.8 98166 .4| 6.88 
3:00- 3:30)1.4 | 52.4 |3.0 |26.529.5 |70.5 40 96 6.84 


* Twenty cc. hemoglobin solution with 1 cc. O. T. injected during this time. 
Blood corpuscles appeared in sample 4 and continued. 


increase was of shorter duration, the final amount of protein in 
the lymph being under the preinjection level. Hemoglobin ap- 
peared in concentrated amount in the lymph within five minutes 
after the injection. The lymph was collected under oil and ex- 
alated, so that separate fibrin determinations have not been made 
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in this experiment, but the precipitate with 14 per cent sodium 
sulphate shows a marked increase after the injection. An in- 
crease in proteolytic enzyme, in phosphate, in sugar and in non- 
protein nitrogen were all observed. The increase in the larger 
protein aggregates apart from those precipitated by 14 per cent 
sodium sulphate did not take place until the end of the experi- 
ment. The primary increase in permeability is of course evident 
and we believe that this alteration persisted during the course of 
the experiment because of the long continued lymphagogue effect, 
as well as the persistent increase in phosphates and in the larger 
protein molecules. 

The carbon-dioxide, it will be noted, revealed no evidence of 
an acidosis. 

At the autopsy, controlled by later histological examination, 
the following evidences of healed tuberculosis were present. In 
the lungs two gelatinous scars, each approximately 0.5 ec. in 
length, extending from the pleura into the parenchyma of the 
lung, were present. The retrosternal and mediastinal lymph 
glands were somewhat enlarged, the tracheobronchial lymph 
glands enlarged and contained, apart from masses of coal pigment, 
minute whitish scars. The right kidney contained a deep, de- 
pressed scar, approximately 2 by 0.5 em. in size, extending from 
the cortex to the pelvus, through the parenchyma. In the liver 
a few minute, yellowish miliary scars were observed scattered in 
the perivascular intralobular connective tissue. The picture was 
quite typical of that which we frequently see in the healed tuber- 
culosis after inoculation of tubercle bacilli in dogs. 


EFFECTS OF TUBERCULIN IN INOCULATED ANIMALS 


When we now study the effect in the tuberculous animal the 
changes that take place evidently become much more complex 
in their interrelation. The results in almost every animal studied 
have varied in some detail: we therefore present a series of pro- 
tocols. The animals all received a mixed intravenous injection 
of virulent bovine and human tubercle bacilli from three to four 
weeks before the tuberculin injection. 
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PROTOCOL 6 
Dog 411; October 2, 1922; weight 800 kilos; inoculated September 9, 1922 
1 2 3 ae 5 6 7 8 9 10 
TOTAL 
NUM- eee PROTEIN EUGLOB- PSEUDO- | PSEUDO- ae ALBU- 
TIME PER FIBRIN GLOBU- | GLOBU- 
BER. FIVE ULIN GLOBU- MIN 
MINUTES CUBIC CEN- LIN I LIN II LINS 
TIMETER 
mgm. per cent) per cent per cent 


1 | 11:45-12:00 | 4.3 42.8 x Sel ae 10.0 | 2.4 |.25.7 | 74.3 


2 {| 12:00-12:15 | 4.0 
3 | 12:15-12:30 | 3.5 41.6 3.8] 0.1 20.0} 2.8 | 26.7 | 73.3 
4 | 12:30-12:45 


3.1 ‘ 
Balas then aedlees 43.5 | 3.9| 0.1 | 20.0] 2.8 | 26.8 | 73.2 


6 | 1:00-1:15 

7 | 1:15-1:30 48.6 | 3.9| 0.3 | 20.6] 1.0 | 25.8| 74.2 
: “ieee 29 39.9 | 3.3] 0.3 | 21.5] 1.7 | 26.8 | 73.2 
. aatiaee i 37.6 | 3.2| 0.4 | 21.2] 0.8 | 25.6 | 74.4 
ee | a 18 | 23.5 | 76.5 


14 3:00— 3:15 | 2.4 


Ty ERT) a Wc oe 


0 21.6 | 78.4 


16 3:30- 3:45 | 2.0 £ 
17 3:45-4:00 | 2.0 45.0 2.8} 0.35] 18.4| 2.0 | 23.5 | 76.5 


} 45.08 3:1 K! ova) aes 
\ 
i 


5 
5.0 48.62| 3.8] 02 | 20.6| 0 24.6 | 75.4 
3.3 


18 4:30- 5:00 | 1.4 51.8 3.4] 0.2 16.8.) L.5.4.21.94 7Sc8 


- Next morning 


19 
20 


9:00- 9:30 


9:30-10:00 0.4 


0.6 
0.5 


jae | 2: 


5 18.3 | 3.1 | 25.0 | 75.0 


Plasma 


| | | evs] 18 | 18.6] 5.6 | 26.0| 74.0 


ee ee a ae ee 


ee 
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In this animal receiving a relatively large dose of tuberculin 
only a transient lymphagogue effect was apparent, accompanied 
by a temporary increase in lymph protein. A reversal then took 
place and the protein became less in amount. 
half later we again find a reversal and this time the increase in 


8 
9 
10 
11 


12 
13 


14 
15 


Dog 412 


TIME 


10:15-10:30 
10:30-10:45 


10:45-11:00 
11:00-11:15 


11:15-11:30 
12:30-12:45 


12:45- 1:00 


1:00- 1:15 
1:15- 1:30 


1:30- 1:45 
1:45- 2:00 


2:00- 2:15 
2:15- 2:30 


2:30- 2:45 
2:45- 3:00 


VOLUME 
PER 
FIVE 

MINUTES 


PROTOCOL 7 


TOTAL 
PROTEIN 
PER 
CUBIC CEN- 
TIMETER 


EUGLOB- 


FIBRIN ULIN 


mgm. 


per cent| per cent 


63.8 5.9 0 


60.4 


60.6 
59.8 


6.6 0 
6.6 0 
5.7 0 


lec. O. T. 1:4 dilution 


59.8 


5 
i 
pe 


i 


5.7 0 
6.0 0 
5.6 0 
5.0 0 


7.0 0 


PSEUDO- 
GLOBU- 
LIN I 


per cent 


20.0 


15.6 


16.0 


16.5 


16.4 


21.3 


An hour and one 


; October 4, 1922; weight 7, 600; inoculated September 8, 1922 


psEuDO- | FIBRIN 


AND 
GLOBU- 
LIN II GLOBU: 


LINS 


ALBU- 
MIN 


per cent 


0 25.9 | 74.1 
0 25.6 | 74.4 
6.0 | 31.0 | 69.0 
4.6 | 26.6 | 73.4 
5.3 | 26.6 | 73.4 
7.0: ©) 29.0), 710 
4.5 | 26.6 | 73.4 
2.4 | 23.6 | 76.4 
3.5 | 31.8 | 68.2 


Animal died at 3 p.m. Red blood corpuscles appeared in the lymph after the 
tuberculin injection. 


the amount of protein in the lymph persists into the samples col- 
lected the following morning. The alterations in the fibrin, glo- 


bulins, and albumin seem relatively negligible. 


At autopsy a 


miliary tuberculosis, involving chiefly the liver, was observed. 
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This animal was very restless, a fact that may account for the 
alteration in the pseudoglobulin II fraction observed in samples 
5and6. The animal became quiet and a dose of 1 ce. of 1:40. T. 
was injected at 12.45. This was followed by some lymphagogue 
effect, the appearance of red blood corpuscles in the lymph stream, 

PROTOCOL 8 
Dog 413, October 7, 1922; weight 6100; inoculated September 8, 1922 
| 


Q i) m =} 
> a Z Zz z 
~ Dp 5 = — 
= Oo 3 3 ay 
& ea Zz Q Q ba a4 
Bn ag ie ) e) R ag 
ane) A = A a on 
= 4 io) o As 5g Zz 
es ae Ze a ro) 5 ok ae) | 
Bi =P ae Z ° a a yA ae = 
8 ba a = 1 & p 
s ‘o =i Ba mj S =) p <% Pai 
5 Z 6% ge gee ae BH 8 a Abo aaa 
Z & > Ey = a fe Be a Z = 
per per per per per 
LYLE cent | cent | cent cent cent 


1| 9:30-9:45} 1.6 
2] 9:45-10:00 | 2.4 


43.9 4.7 | 0.5 | 37.5 O | 42.7{ 0.7 | 56.6 


3 | 10:00-10:15 | 2.7 
4 | 10:15-10:30 | 2.3 


1-ce. Of 1:200 


Pes a 44.0 | 5.0|0.4| 33.2} 0 | 38.6] 0.71 60.7 


6 | 10:45-11:00 

fal tSOO=EES150| “S87 
8 | 11:15-11:30 i 42.1 520) 10.2) [32.5 0 48727 lh 1Oe74G6ieG 
9 | 11:30-11:45 | 2.7 ie 

10 | 11:45-12:00 al SYSHY 520) sOSt | sse2 Oy {S823 | aa 7es 


11 | 12:00-12:15 | 2 
127) (2200-27155) -A 


Co w 


1.0 0|0.4 O | 44. 
0.5 0 | 0.4 44. 


mI 


| 6. 
3 (fale ay 
b 


Animal killed at 2.15 because restless. 


but with a reduction in the amount of lymph proteins. This may 
have its explanation in the fact that the concentration of the 
lymph proteins in the preinjection period was already great, be- 
ing practically that which we find in the normal plasma. The 
animal died at 3 p.m. Autopsy findings as in dog 411. 

The dose here was much smaller (lec. 1:200). A lymphagogue 
effect was apparent, but the animal was restless after the injec- 


ie 


ss 
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tion so that the result must be considered with some reservation. 
Lymph proteins diminished decidedly while the fibrin increased. 
A striking alteration isto be observed in the amount of non-protein 


PROTOCOL 9 
No. 425; November 13, 1922; weight 8300 kilos; inoculated October 8, 1922 

a a = = 

E | ae 2 | 2 

RB Za 4 = S EB 

o 

Bad See e |e |e : 
% & BB a p o 3 Z a 
iS BS MOR < x a ro} rs is 2 
a ae ae 3 qi 9 a a = oy 
5 | =e oh mee pc Fe i hag RN ints td 
Z a : B z & a ie 2 q a 

ci aa oe erie nae py 

1 | 10:30-10:45 | 3.0 
9 | 10:45-11:00 | 3.1 36.0 1337i53.0 | 4:0°|/ 50:55 0 42.5| 0 


Injected 1 cc. of 1:10,000 O. T. 
3 | 11:00-11:15 | 3.8 33.4 PDA oea [ebEe | Sr apnt a 48.5 
4 | 11:15-11:30 | 3.4 33.5 3.0 | 10.6 | 38.2 | 0 48 .2 


5 | 11:45-12:00 Se 
6 | 12:00-12:15 alk 33.0 133718353) || (Sez) holeze|s 3-07] 904-08 eeO 


7 | 12:15-12:30 | 2.9 

g | 12:30-12:45 | 3.6 32.2 133 7.8 | 32.6 | 8.4 | 49.2 

9 | 12:45- 1:00 | 2.1 29.6 133 | 4.7 | 9.0} 40.0] 2.0 | 44.3] 0 
|) t:00— Fit | 3.1 

11} 1:15-1:30 | 3.0 34.0 5:8-| 11.1 | 35:6 | 0 47.5 

12 | 4:15- 4:45 | 1.3 33.7 3.5 | 13.0 | 39.4] 0 44.1 


Next morning 


13 | 9:30-9:45| 4.5| 235.2 | 133| 4.2 | 15.0 | 28.2 eae 0 
14.| 9:45-10:00 
Plasma 
| | | 64.4 | 133| | 18 | 22.2 | 7.4 | 41.6 | 0 


nitrogen which was determined in this experiment. Autopsy 
findings as in 411. 

In the following protocols we illustrate the effects of smaller 
doses of tuberculin. 
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PROTOCOL 10 
No. 427; November 16, 1922; weight 7800; inoculated October 8, 1922 


EUGLOB- 


PROTEIN 
VOLUME BUGREENT | Oma Gunic ULIN AND! PSEUDO- 
NUMBER TIME PER FIVE Sa caer FIBRIN | PSEUDO- | GLOBU- | ALBUMIN 
MINUTES a GLOBU- LIN II 
LIN I 
minutes mgm. per cent per cent 
1 10 5.6 
2 10 4.25 
i 7 48.4 6.0 36 30 28.0 

3 10 4.8 
4 10 4.5 


5 5 4.8 
6 5 4.4 146 46.3 5.6 38 34 22.4 
i 10 3.7 
8 10 4.2 
9 10 4.35 48.1 5.3 33 33 Zorn 
10 10 3.4 
11 10 4.0 
12 10 3.8 
13 10 4.6 
14 10 3 6 129 38.0 62a 41 36 16.3 
15 10 3.0 
16 5 3.5 
17 5 4.2 
18 5 3.5 
19 5 Sol 
20 5 36 113 37.34 6.4 36 57 0.6 
21 5 2.8 
22 5 3.4 
November 17, 1922 (following morning) 
23 10 eZ 
oA 10 59 } 111 52.7 8.8 34 37 20.2 
25 5 4.2 
26 5 4.5 
27 5 52 93 51.5 9.1 34 35 21.9 
28 5 3.3 
29 5 4.1 
30 5 Sak 
31 5 3.0 109 52.2 8.0 33 31 28.0 
32 5 2.8 
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Comment. A moderate, but rather prolonged lymphagogue 
effect followed the injection of tuberculin (1 ce. of 1:10,000). 
Lymph protein diminished but returned to the original level by 
the following morning. Fibrin increased in amount two to three 
hours after the injection and the globulins showed considerable 
modification. After a primary reduction in the sugar concentra- 
tion, the original level was maintained throughout. In general 
the effect might be interpreted as one in which the endothelium 


PROTOCOL 11 
Dog 472; January 24, 1923; weight 8000; inoculated December 24, 1923; tuberculin 


otra TBO) (OIE. 
PROTEIN ; 
VOLUME 
NUM- PER CUBIC GLOBU- | ALBU- PHOS- 
BER ete ee PBDI. [Gree ly oLENS min | 8UG4R| page | COz 
METER 
mgm. per cent | per cent 


1 | 10:00-10:10 | 3.9 26.4 6.8 18-3") 7429) PES os 
2 | 10510-10-20' |) 4.1 25.1 4.3 19.8 | 75.9 | 119 | 3.33 | 0.60 
3 | 10:20-10:30 | 3.2 25.3 4.0 16.8 | 79.2 | 115 | 3.38 | 0.63 


2 ec. 1:10 O. T. intravenously 


4 | 10:30-10:40 | 3.0 23.5 0 16.6 | 83.4] 115 | 3.65 | 0.62 
5 | 10:40-10:50 | 2.9 24:66 6.5 16.2); @i3 |) (ISU 3.59" 0262 
6 | 10:50-11:00 | 3.0 24.27 6.0 17.0 | 77.0 | 189 | 4.42 | 0.58 
7 | 11:00-11:30 | 1.66 | 24.55 mek 17.0 | 75.9] 165 | 3.57 | 0.56 
8 | 11:30-12:00 | 1.26 | 26.0 6.1 13.4 | 80.5 | 165 | 3.65 | 0.54 
9 | 12:00-12:30 | 1.36 | 24.67 4.7 16.2 | 79.1 | 165 | 3.83 | 0.53 
10 | 12:30- 1:00 | 1.43] 25.8 9.0 19.3 | 70.7 | 154 | 4.16 | 0.55 
11 1:00— 2:00 | 1.15 | 26.8 8.2 18.0 | 73.8] 145 | 4.38 | 0.50 
12 2:00— 3:00 | 1.33 | 28.8 9.3 17.3 | 73.4] 164 | 4.16 | 0.48 
13 3:00— 4:00 0.46 


had become more permeable for water and the smaller molecular 
aggregates. At autopsy a marked miliary tuberculosis was found 
in the liver, spleen and lungs. 

Comment. A very small dose (1 ec. 1:100,000 O. T.) followed 
in this case by practically no lymphagogue effect but a very de- 
cided reduction in the amount of lymph protein. This is altered 
in the morning samples, however, when the original concentra- 
tion was exceeded. ‘Two other alterations are of interest: the 
increase in fibrin and the great concentration of the globulins. 
These latter in one pooled sample (17 to 22 make up practically 
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all the protein of the lymph (excluding fibrin)). Autopsy find- 
ings similar to those of dog 425. 

In the following experiment the inoculation had been made 
with a bovine strain of relatively little pathogenicity and the 
animals of the series presented only insignificant healed lesions 
in the lungs, liver and kidney. The results of the injection of 
a fairly large dose of old tuberculin (2 cc. 1:10) are however of 
interest. 

In this case the first sample of lymph collected after the injec- 
tion failed to clot (a rather unusual effect) and there appears to 
have been no coincident increase in the globulins. No lympha- 
gogue effect occurred, the lymph proteins diminished until 
toward the end of the experiment, when they increased. Fibrin 
increased during the same time. It will be observed that a con- 
tinued increase took place in the phosphates, the sugar and the 
carbon dioxide diminished. The experiment indicated that the 
initial effect was relatively negligible but that profound changes 
took place at a considerable period after the injection of 
tuberculin. 


DISCUSSION 


When we survey the alterations that are found in the thoracic 
lymph after the injection of tuberculin we find the results, at 
first glance, by no means as clear cut as those that we have dealt 
with in the preceding papers, but when we consider the many 
possibilities offered by the pathological tissue in modifying the 
biological reactions with which we are dealing, we believe that 
these experiments afford some insight into the processes. We 
would by no means presume to define the causes of these numer- 
ous alterations in a dogmatic manner: we can at best but sur- 
mise the possible mechanism that underlies some of them, and 
present the following explanation merely as a working hypothesis. 
.1_In the normal dog large doses of tuberculin bring about im- 
portant alterations which involve not only the endothelium, but 
rapidly influence other tissues as well. As evidence of the primary 
stimulation we find a marked increase in phosphates, a moderate 
increase in lymph flow and an increase in the larger molecular 
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aggregates at the expense of the smaller protein fragments (pro- 
tocol 7). Here, as with peptone, a second period of stimulation 
follows at a later period, and one that persists for a considerable 
length of time. But while this is taking place in the phosphates 
and total protein, the volume of the lymph and the sugar level 
are diminishing. It would seem that both an increase and a de- 
crease in cell permeability were taking place simultaneously in 
different cell groups or organs. 

In a general way this holds true for smaller doses of tuberculin 
in normal animals (protocols 2, 3 and 4). It seems probable that 
we still deal with a transient stimulation of the endothelium with 
the smaller doses, followed by a relatively prolonged impermea- 
bility (because hemoglobin injected during this time is delayed 
in its passage tothe lymph stream) (protocols 3 and 4). But while 
this change occurs in the endothelium it seems probable that the 
liver has been stimulated and we see a late and relatively long 
continued increase in phosphates and sugar (protocol 3). The 
disturbance (perhaps associated with some degree of passive 
hyperemia) here is indicated furthermore by the appearance of 
bile pigment in the lymph. This effect of the tuberculin on the 
liver (and other parenchymal cells) is to be expected because the 
tuberculin represents a relatively small molecular aggregate 
which must pass rapidly from the blood to the tissues. 

It is obvious that we cannot consider tuberculin as an indif- 
ferent substance for the normal organism, as has so frequently 
been stated in the literature of tuberculosis. While it is true 
that we cannot rule out the possibility that these dogs have at 
some time been in contact with tubercle bacilli, we have in all 
cases made a careful postmortem examination and have failed 
to find any evidence of active or healed tuberculous lesions in 
them. 

If we now turn to the condition in the tuberculous animal we 
are confronted with additional complications. We deal first of 
all with an endothelium which is sensitized, i.e., it reacts with 
greater intensity and speed. The direction of that reaction is, 
however, the same as in the normal animal-stimulation-fatigue- 
death, all associated with increased permeability: the difference 
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lies in the relative response. If, as we have shown in the ana- 
phylactic animal, our dose is minimal, we find only a transient 
increase in permeability followed again by an impermeability 
(reversal). In such animals we find little enzyme mobilization 
or increase in antithrombin, indeed we find a marked increase in 
the amount of fibrin coming from the liver. If our dose is larger 
we rapidly pass to the fatigue stage and death, with evidences of 
marked increase in the permeability (protein, sugar, phosphate, 
bile pigment, etc.). We may anticipate similar endothelial and 
parenchymal alterations in the tuberculous animal with tubercu- 
lin injections. Here, too, minimal doses will produce transient 
stimulation followed by a relatively prolonged impermeability. 
We must recognize that the degree of sensitization may vary, 
depending to some extent on the dose of the antigen, on the dura- 
tion of the period during which antigenic material has come into 
contact with the endothelium and parenchymal cells and on the 
degree of intoxication existing. The importance of these altera- 
tions in endothelial sensitization becomes apparent in the tuber- 
culin reactions that we induce in the skin or mucous membranes. 
In these modifications in vascular response (endothelial) are the 
predominating feature. 

Second, we deal with tuberculous lesions scattered through- 
out the organism, some of which may be fixed and relatively im- 
permeable, others of which may be recent, consisting of relatively 
loose aggregates of newly formed cells, with bacteria rich and 
toxic masses of necrotic debris at the center, the whole structure 
relatively permeable and particularly susceptible to alterations 
in permeability because at least four factors—the cells are all 
young, many of the cells are of endothelial origin, they are all 
more or less under a constant stimulus (irritation) from the toxic 
material of the necrotic focus, and they are specifically sensitized. 

When now we inject tuberculin into a tuberculous animal we 
have not only to deal with the alteration in the vascular endothe- 
lium and with possible stimulation or fatigue of parenchymal 
cells, we also effect changes in the permeability of the tubercle. 
These latter changes may be initiated immediately or they may 
take place at a considerable time after the injection. The 
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changes here may be (1) a transient stimulation (with only a 
slight liberation of toxic material from the central necrotic 
focus) followed by a period of relative impermeability. (2) 
There may result fatigue with increased and prolonged permea- 
bility—the liberation of much toxic material from the focus— 
this again having a secondary effect on the vascular endothelium 
all over the body. This process may still be reversible and the 
organism recover. (3) The alteration in permeability at the 
focus may be so great that sufficient toxic material will be liber- 
ated to kill the animal very promptly after the injection. 

We may now turn to see whether the actual findings in the 
lymph will fit into such a picture. First protocol 5: In this ani- 
mal we deal with a natural infection with tuberculosis. <A rela- 
tively large dose of tuberculin, together with hemoglobin, had 
been injected in the belief that we were dealing with a normal 
dog. Immediate evidence of an alteration of the endothelium 
are found. (1) The hemoglobin comes through in large concen- 
tration immediately. (2) Red blood corpuscles come through 
within five minutes after the injection. (3) A lymphagogue 
effect with (4) an increase in the protein, and (5) phosphates is 
noted. A little later (6) protease and (7) sugar and (8) non- 
protein nitrogen increase. There is little alteration in the CO, 
content. The larger molecular aggregates (fibrin and euglob- 
ulin) increase but inasmuch as the lymph was oxalated, we did 
not determine whether or not the lymph became incoagulable. 
When we compare this picture with the results of the injection 
of a similar dose of tuberculin in a normal dog the accentuation 
of the picture is quite striking. And if we contrast the effect 
with the results in dogs which have a miliary tuberculosis, the 
difference lies in the fact here we find no evidences of a second 
intoxication, at least in the time during which the animal was 
under observation. Volume, protein, protease, non-protein ni- 
trogen all gradually diminish, although phosphates remain higher 
than before the injection and relatively we have more fibrin and 
globulins. There is no reason to suspect that additional toxic 
material has originated in the tuberculous foci. This corre- 
sponds with the autopsy findings, which are those of a typical 
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healed tuberculosis with small gelatinous fibrous lesions in the 
lungs, minute, non-necrotic lesions in the liver and a firm fibrous 
scar in the kidney. 

When now we turn to animals that have a miliary tuberculosis 
with large amounts of necrotic material scattered throughout the 
body we find a different picture. In protocol 6 the injection of 
a relatively large dose (0.5 cc.) is followed by a transient lympha- 
gogue effect with an increase in protein (endothelial stimulation) 
then a period with a reduction in protein to be followed by a pro- 
longed increase in permeability indicated by the increase of the 
protein to 52 mgm. per cubic centimeter. This secondary effect 
would correspond to the effect of a liberation of toxic material 
from the foci of infection. 

In the second protocol of this series (protocol 7) we deal with 
an animal which already has a permeable endothelium, the 
amount of protein contained in the lymph being almost as great 
as that of the normal blood plasma. Blood corpuscles enter the 
lymph stream half an hour after the injection of tuberculin. 

With a smaller dose, however, the injury from the tuberculin 
is less and we find only a diminution in the amount of protein 
in the lymph after the injection of the tuberculin. In protocol 
8 the animal was very restless and the experiment was therefore 
terminated about three hours after the injection. Whether a 
secondary rise would have occurred here is problematical. 

With still smaller doses (1:10,000) no increase in protein of the 
lymph takes place even when examined the following day although 
some stimulation of the liver seems apparent in the increase in 
fibrin two to three hours after the injection. Here, then, the 
dose has been sufficiently small so that no increase in permea- 
bility of endothelium (except a transient increase in the rate of 
flow) becomes apparent, and evidently no increase in permeabil- 
ity of the numerous tuberculous foci in the liver, lungs, and spleen 
has occurred. 

Another animal of the same series, however, seems more sensi- 
tive (protocol 10). In this animal the injection of tuberculin 
1:100,000 was followed by a reduction in the amount of protein 
in the lymph for the first two hours, but the following morning 
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the amount had greatly increased and hemoglobin injected during 
this time appeared in the lymph five minutes after the injection. 

These experiments would indicate that the effect of tubercu- 
lin in the tuberculous dog, is, as we have suggested, twofold— 
very small doses may be followed by a transient stimulation of 
the endothelium, followed by a recovery during which time the 
endothelium is relatively less permeable. ‘This is in some animals 
followed by an alteration of the permeability of the focus, re- 
sulting in an increased liberation of toxic material. When the 
lymph of such animals is examined the following day, the con- 
centration of the proteins is increased, i.e., the endothelium has 
become relatively fatigued. 
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During the past few years, there has been considerable inter- 
est shown in the use of peptone in allergic conditions. Pagniez 
and Vallery-Radot (1) and Widal, Abrami, and Brissaud (2) 
maintain that in patients with urticaria, peptone, taken by mouth 
before the ingestion of the offending protein, will prevent the erup- 
tion as well as its antecedent hemoclasic crisis. Auld (8, 4) has 
had considerable success in the treatment of bronchial asthma 
by intravenous and intramuscular injections with a mixture of 
Witte’s and Armour’s peptone suspended in 0.85 per cent NaCl 
solution. He attributes this to a colloidal readjustment within 
the body and consequent prevention of colloidoclasis. 

In 1909, Biedl and Kraus (5) experimenting with dogs sensi- 
tized to horse serum, claimed that a sublethal dose of Witte’s pep- 
tone protected the sensitized animal against the shocking dose 
of horse serum. ‘They maintained that there was a physiological 
identity between the action of Witte’s peptone and anaphylac- 
tic poisoning. These observations were partially corroborated 
by Arthus (6, 7). On the other hand, Manwaring (8) was unable 
to confirm the identity of the action of peptone with anaphy- 
laxis. Novy, De Kruif, and Novy (9) stated that in guinea-pigs 
and in rabbits, peptone injected intravenously caused a death 
similar to that of anaphylactic shock. 


1 From the Second Medical (Cornell) Division, Bellevue Hospital; Depart- 
ment of Medicine and Clinic of the Cornell University Medical School; and 
Pathological Laboratories, Bellevue Hospital. 
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Spolverini (10), in order to prevent anaphylactic symptoms, 
gave peptone to children who had received diphtheria antitoxin. 
He claimed complete success. Auld (4) quoted Dale as having 
remarked that peptone does protect the sensitized guinea-pig 
from shocking doses of the injected protein. 


EXPERIMENTAL 


The following experiments were done to determine whether 
peptone under given conditions would protect sensitized guinea- 
pigs against anaphylactic shock. 

In the first set of experiments, egg white was the antigen used. 
This was prepared by mixing equal parts by volume of the white 
of freshly laid hens’ eggs and 0.85 per cent NaCl solution. The 
antigen was freshly prepared for each series of injections. 

The peptone employed was a 5 per cent suspension in 0.85 per 
cent NaCl solution, of a mixture of Armour’s and Witte’s pep- 
tones, in ratio of 3:1. It was prepared according to the method 
described by Auld, as follows: The peptone was dissolved in the 
hot saline solution (56°C.) and then made faintly alkaline to 
litmus with n/1 sodium carbonate solution. It was next placed 
in the water-bath at 56°C. for thirty minutes and filtered while 
hot. Enough phenol was added to make a final concentration 
of 0.5 per cent. Its sterility was then tested. 

All the injections in the following experiments were given intra- 
cardially and twelve days were allowed to elapse between the 
sensitizing and shocking doses. 

Experiment 1 (control experiment). To determine the effec- 
tiveness of egg white suspension as an anaphylactogen. The 
sensitizing dose was 1 cc. of the prepared egg white suspensions 
given intracardially. The shocking dose was 0.2 ¢.c. of the same 
suspension given intracardially and the interval between the two 
was twelve days. 

In the following series of experiments, the various degrees of 
shock are indicated by the following terms: slight shock (hair 
ruffled; slight dyspnea, restlessness, and scratching of nose); 
moderate shock (hair ruffled, coughing, moderate dyspnea, slight 
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paralysis of hind legs); severe shock (hair ruffled, scratching of 
nose, coughing, acute dyspnea, convulsions, recovery rapid). 

These experiments show that egg white as used here is not a 
very potent agent for inducing anaphylactic shock. This is 
possibly due to the short time interval allowed between the sensi- 
tizing and shocking doses. It would seem that with such a mild 
antigen any effect that peptone might have in producing antiana- 
phylaxis, should be apparent. 


TABLE 1 
Control experiment without peptone 


INITIAL SHOCKING 
PIG NUMBER | WEIGHT Ee pfecenscia ©YMPTOMS ease ea RESULT 
(1:1) (1:1) 
grams cc. ce 
1 300 1 None 0.2 Died in 2.5 minutes 
2 244 1 None O22 Slight shock 
3 234 1 None 0.2 Died in 4 minutes 
4 885 1 None 0.2 Slight shock 
5 421 1 None 0.2 No shock 
6 400 1 None 0.2 No shock 
Zh 308 1 None 0.2 Died in 3 minutes 
8 422 1 None 0.2 Slight shock 
9 361 1 None 0.2 Moderate shock 
10 371 if None 0.2 Slight shock 
11 445 1 None 0.2 Died in 3.5 minutes 
12 401 1 None 0.2 Died in 5.5 minutes 
13 420 1 None 0.2 Died in 2.5 minutes 
14 460 1 None 0.2 Slight shock 
15 375 1 None 0.2 Slight shock 
16 365 1 None 0.2 Slight shock 


Totals: Died, 6; moderate shock, 1; slight shock, 7; no shock, 2. 


Experiment 2. To determine whether peptone given intra- 
eardially thirty minutes before the shocking dose will prevent 
anaphylactic symptoms. 

One cubic centimeter of ege white suspension was injected 
intracardially into each of 25 guinea-pigs. Twelve days later, 
the 5 per cent peptone suspension was similarly injected in 
amounts varying from 0.5 to 2 ce. as indicated in the table. 
This was followed thirty minutes later by 0.2 cc. of egg white 
suspension. 
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The percentage of deaths in this experiment was higher than 
in the control experiment, showing that peptone as here used 
gave no protection. 


TABLE 2 
eo ledepead | PREVENTIVE| RESULT OF SHOCKING DOSE 
PIG NUMBER WEIGHT EGG WHITE SYMPTOMS DOSE OF OF EGG WHITE 
(1:1); PEPTONE* (0.2 cc.) 
grams cc ce. 

1 245 1 None 0.5 Died in 4 minutes 

2 294 1 None 0.5 Died in 4 minutes 

3 327 1 None 0.5 Died in 3 minutes 

4 292 1 None 0.8 Slight shock 

5 299 1 None 0.8 Died in 3 minutes 

6 214 1 None 1.0 No shock from egg, died 

later from effect of 
peptone 

< 179 1 None 1.0 No shock 

8 300 1 None 1.0 Slight shock 

9 442 1 None 1.0 Slight shock 
10 238 1 None 1.0 Slight shock 
11 359 1 None 1.0 Slight shock 
12 234 1 None 1.0 Moderate shock 
13 277 1 None 1.0 Severe shock 
14 223 1 None 1.0 Died in 2.5 minutes 
15 247 1 None 1.0 Died in 4.5 minutes 
16 226 1 None 1.0 Died in 2.5 minutes 
17 239 1 , None 1.0 Died in 3.5 minutes 
18 254 1 None 1.0 Died in 4 minutes 
19 287 1 None 1.0 Died in 3.5 minutes 
20 397 1 None 1.0 Died in 4.5 minutes 
21 330 1 None 125 Died in 3.5 minutes 
22 270 1 None 1.5 Slight shock 
23 254 1 None 125 Moderate shock 
24 233 1 None Thess Severe shock 
25 304 1 None 2.0 Died in 3.5 minutes 


Totals: Died, 13; severe shock, 2; moderate shock, 2; slight shock, 6; no 
shock, 2. 
* Peptone thirty minutes before 0.2 cc. of egg white. 


In each case of anaphylactic death, an autopsy was performed. 
Each presented practically the same picture: lungs tremendously 
distended and pinkish white in color, sometimes with petechial 
hemorrhages. In contrast to this, the guinea-pig in this experi- 
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ment which died from an injection of peptone showed normal 
lungs and marked congestion of the intestines. 

Experiment 3. To determine whether peptone injected at 
intervals following the initial dose of egg white protects the 
guinea-pig from symptoms following the shocking dose. 

One cubic centimeter of egg white suspension was injected 
intracardially into each of 12 guinea-pigs. They then received 


TABLE 3 
INITIAL PEP- FINAL : 
woiSyqlwnsomy sc" | SoH Maeies| —exarsown [Paneer] "Doonan ens 
(1:1) DOSES) TONET 
grams cc. cc ce 

1 242 1 | None] 0.5 None — | Died in 4.5 minutes 

2 230 1 | None| 0.5 None — | Died in 4 minutes 

3 231 1 | None} 0.5 None 1.0 | No shock 

4 210 1 | None| 0.5 None 1.0 | Died 

5 229 1 | None| 0.5 None 0.5 | Slight shock 

6 320 1 | None| 0.5 None 1.0 | No shock 

7 275 1 | None} 1.0 None 1.0 | No shock 

8 310 1 | None] 1.0 | Slight tremor at | 1.0 | Died in 4.5 minutes 
first injection 

9 317 1 | None] 1.0 | Slight tremor at | 1.0 | Slight shock 
first injection 

10 262 1 | None| 1.0} Slight tremor at | 1.0 | Moderate shock 
first injection 

11 264 1 | None] 1.0 | Slight tremor at | 1.0 | Slight shock 
first injection 

12 350 1 | None} 1.0 | Slight tremor at | 1.0 | Died in 3.5 minutes 


first injection 


Totals: Died, 5; moderate shock, 1; slight shock, 3; no shock, 3. 
+ Peptone thirty minutes before egg white. 


at intervals of forty-eight hours an injection of the peptone 
suspension, varying in amount from 0.5 to 1 cc. as indicated in 
table 3. Also, in some cases, 1 cc. of peptone was injected 
thirty minutes before the shocking dose. The shocking dose 
was 0.2 ec. of egg white suspension given intracardially, twelve 
days after the sensitizing dose. 

The percentage of deaths in this experiment is essentially the 
same as in the control experiments, showing that peptone as here 
used gives no protection. 
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To the 13 guinea-pigs that had survived in all the experiments 
with slight or no symptoms, a single injection of peptone was 
given at intervals of time varying from two to sixteen days later 
than the date of the shocking dose of egg white. These injec- 
tions were followed thirty minutes later by injections of egg white 
suspension and death or severe symptoms occurred in every 
instance. Rather than attribute this to any sensitizing property 
of peptone, it is inferred that shock occurred more uniformly 
because a longer period of time had elapsed between the sensi- 
tizing and shocking doses than had occurred in experiments 1, 
2, and 3. 

In order to confirm the foregoing results by a more accurate 
method, the Dale technique (11, 12) was used to record thefollow- 
ing experiments. 

According to him, the uterus from a sensitized guinea-pig when 
suspended in a bath of Locke’s or Ringer’s solution, will respond 
to minute quantities of the protein towhich it has beensensitized, 
when this is added to the bath. An accurate measurement of 
the contractions is recorded on smoked paper by means of a 
kymograph and a recording lever. The best results are obtained 
with virgin guinea-pigs averaging not more than 250 grams in 
weight. The following is the formula of the Locke’s solution 
used: NaCl 9 grams, KC] 0.42 gram, CaCl, 0.24 gram, NaHCO; 
0.5 gram, dextrose 1 gram, distilled water 1000 ce. 

This method has also been used, in determining anaphylactic 
response, by Weil (13), and many other investigators. 

A similar technic has also been used to show the effect of pep- 
tone on the smooth muscles of various animals. It was used by 
Dale and Laidlaw (14) who described the stimulating effect of 
Witte’s peptone on the uterus of the guinea-pig. Roger (15) 
reported the same effect on the intestine of the rabbit. 

Olivecrona (16), in an interesting series of experiments on 
cats’ and rabbits’ intestines, showed that while Fairchild’s pep- 
tone and histamin in weak concentrations stimulated the mus- 
cles, in strong concentrations both Fairchild’s peptone and hista- 
min paralyzed the smooth muscles of the intestine for several 
hours. This peptone in concentrations of 1:200 and 1:250 pro- 
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duced paralysis of the cat’s intestinal muscle. Abel and Macht 
(17) found a similar difference in the action of weak and strong 
concentrations of histamin on the guinea-pig uterus. Increase 
of concentration beyond a definite limit caused relaxation and 
inhibition of the muscular contractions, instead of the stimula- 
tion produced by weak concentrations of the same substance. In 
the experiments described below, concentrations of mixed peptone 
from 1:396 to 1:520 caused complete inhibition of the guinea-pig 
uterus. Concentrations as weak as 1:10,000, while causing no 
perceptible stimulation, were followed by smaller curves of re- 
sponse to the specific protein than the control curves from strips 
to which peptone had not been added. 

Technic. The uteri of the first 17 guinea-pigs that were tested 
by the Dale technic were cut in segments so that sometimes as 
many as four different experiments were performed on 1 guinea- 
pig. Thus the last segment of uterus tested had usually been 
standing for several hours. As it naturally did not respond as 
well as when the uterus had been freshly excised, it was difficult 
to control the experiment properly. So another machine, in which 
two segments of the uterus, one previously treated with peptone 
and the other not so treated, could be tested simultaneously, was 
devised in order to furnish an accurate control. To control the 
peptone a 0.85 per cent NaCl solution was used, and a period of 
about four minutes was allowed to elapse before adding the egg 
white suspension. 

Forty-one guinea-pigs were sensitized by intraperitioneal 
injection with 1 cc. of egg white suspension (1:1) in 0.85 per 
cent NaCl solution. The Dale experiment was performed three 
to five weeks later. The smallest amount of peptone used in the 
bath was 4 cc. of a 5 per cent suspension. In this concentration 
(1:1270) no protection was noted (chart 1); with 6 ec. and 
8 cc. of peptone, response to the protein was diminished (charts 
2 and 3), whereas in amounts of 10 ce. and over (concentration 
of 1:508 or stronger), inhibition of the response was complete 
(charts 4, 5, 6a and 6b). 

The inhibition noted above is paralleled by the control experi- 
ment, in which 12 cc. of the peptone suspension produced inhibi- 
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A 


Cuart 1. Errect oF Peprone (1:1270) on SEnsITIzED UTERINE Muscie Strip 
oF GUINEA Pie 


Simultaneous records 


{S: 4.0 ec. NaCl 0.85 per cent 
Ra corerot see \E: 0.3 cc. egg white (1:1) 
{P: 4.0 ce. peptone A. & W. 5 per cent 


ERs \E: 0.3 ce. egg white (1:1) 
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Cuart 2. Errect oF Peprone (1:846) on SENSITIZED UTERINE Muscie Strip 
oF GUINEA Pic 


Simultaneous records 


S: 6.0 ce. NaCl 0.85 per cent 
fe onere Vee ecent i 0.3 cc. egg white (1:1) 


: P: 6.0 cc. peptone A. & W. 5 per cent 
B. Reaction segment te 0.3 cc. egg white (1:1) 
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tion of rhythmic contractions and loss of tone in the normal 
unsensitized guinea-pig uterus under the conditions of the Dale 
experiment (chart 7). This action of peptone is evidently simi- 
lar to the effect of histamine and peptone on the normal smooth 
muscles of other animals when in strong concentration (Olive- 
crona, Abel and Macht). 

Clinical. At the Protein Sensitization Department of the Cor- 
nell Clinic, the same peptone suspension which was used experi- 
mentally was given intravenously according to Auld’s method in 


& 


at tt) Et dt et 


Cuart 3. Errect oF PEPTONE (1:635) ON SENSITIZED UTERINE MUscLE STRIP 
OF GUINEA-PIG 
P: 8.0 cc. peptone A. & W. 5 per cent 
E:: 0.3 ec. egg white (1:1) 
E,: 0.5 ec. egg white (1:1) 


only 9 cases of bronchial asthma. Other measures had been tried 
without distinct success. The peptone suspension was given at 
intervals of three to four days, allowing thereby two injections a 
week. The initial dose was 0.1 ec. given intravenously and at 
each successive injection, this dose was raised 0.2 ec. until 1.3 ee. 
was reached. This dose was repeated six times. 

“Tn 2 instances, there were severe symptoms following the initial 
injections. In one, this was characterized by a sudden onset of 
dyspnea of asthmatic type, cyanosis, and syncope, immediately 
following the injection of peptone. After thirty minims of epi- 
nephrin, solution (1:1000), in two equal doses had been injected 
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Cuart 4. Errect or Perrone (1:508) on SeNsITIZED UTERINE Muscie Strip 
oF GUINEA-PIG 


Simultaneous records 

{S: 10.0 ec. NaCl 0.85 per cent 
2 COD ROG \E: 0.3 cc. egg white (1:1) 
: {P: 10.0 ec. peptone A. & W. 5 per cent 
Bee acineees eames: \E: 0.3 ec. egg white (1:1) 
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Cuart 5. ErrectT OF PEPTONE (1:460) ON SENSITIZED UTERINE Muscle STRIP 
oF GuINEA-PIG 


Simultaneous records 
S$: 11.0 ec. NaCl 0.85 per cent 
A. Control segment ai 0.5 cc. egg white (1:1) 


: P: 11.0 cc. peptone A. & W. 5 per cent 
B. Reaction segment fe 0.5 ec. egg white (1:1) 


ae 


FAILURE OF PEPTONE IN ANAPHYLACTIC SHOCK 421 


A 


Cuart 6a. Errect oF Perrone (1:424) on SensiT1zED UTERINE Muscie Strip 
oF GUINEA-PIG 


Simultaneous records 


S: 12.0 ec. NaCl 0.85 per cent 
Po UAE ra 0.3 ec. egg white (1:1) 
{P: 12.0 cc. peptone A. & W. 5 per cent 


B. Reaction segment \E: 0.3 ec. egg white (1:1) 
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See 
Cuart 6b. Errect or Perrone (1:424) on SensrtizeEp UTERINE Muscie Strip 
or GUINEA-PIG 


Simultaneous records 


; S: 12.0 ec. NaCl 0.85 per cent 
= (Control See aens oy 0.4 ec. egg white (1:1) 
P: 12.0 ec. peptone A. & W. 5 per cent 


( 
. d 
B. Reaction segment \E: 0.4 ce. egg white (1:1) 
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subcutaneously, recovery was rapid and apparently complete with- 
manhour. It was subsequently found that this patient gave a 
positive intradermal reaction to the peptone suspension used. 
Peptone given by mouth thereafter caused no untoward reaction 
and was apparently very effective in preventing further asth- 
matic paroxysms. Various other measures had been used pre- 
viously. Another patient developed acute symptoms—diarrhea, 
vomiting, and severe abdominal cramps following the injection 
and lasting several days. Excepting the first case mentioned 
and one other case, in which the patient was apparently relieved 
of asthmatic paroxysms following the course of peptone injec- 


by eae 
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Cuart 7. Errect oF Perrone (1:424) on Urerrne Muscie Srrip or NorMAL 
GUINEA-PIG 
P: 12.0 ce. peptone A. & W. 5 per cent 


tions, the results obtained were not impressive. Occasionally, 
there was a temporary freedom from attacks, but only for a short 
time, even while treatment was constant. 

A few cases of bronchial asthma were treated by mouth, with 
Chapoteaut’s Peptone tablets. The results were negative in 
this safer method of administration. Patients with urticaria were 
given peptone tablets. also in doses from 0.1 to 0.3 gram fifteen 
minutes before meals. The results were wholly disappointing. 


SUMMARY 


1. Guinea-pigs sensitized to egg white, receiving peptone intra- 
eardially thirty. minutes before the shocking dose of egg white, 
showed no protection against anaphylactic shock in comparison 
with sensitized guinea-pigs not treated with peptone. 

2. Guinea-pigs sensitized to egg white and receiving thereafter 
serial intracardial peptone injections were similarly found to be 
unprotected against anaphylactic shock. 


2 A commercial preparation of peptone obtained from E. F ougera, 90 Beek- 
man Street, New York City. 
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3. Peptone in weak concentration did not prevent the specific 
reaction of the uterine muscle strip to egg white in the Dale 
experiment. 

4. Peptone in strong concentrations produced inhibition of the 
of the specific reaction of the uterine muscle strip to egg white in 
the Dale experiment. Inhibition of rhythmic contractions and 
loss of tone were also observed in the normal unsensitized muscle 
under the conditions of the Dale experiment when the concentra- 
tion of peptone was sufficiently strong. 

5. Clinically, the use of peptone intravenously in bronchial 
asthma according to the method of Auld has been disappointing 
and is considered dangerous. 


The authors express their appreciation to Miss M. M. Owings 
for her technical assistance. 
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The ideal donor for the transfusion of blood has long been 
known to be one of the same group as the patient. It is not 
always possible for these conditions to obtain, and a person of 
group I (Jansky) has been considered as a safe donor for any of 
the groups. This may not always be the case, as will be shown 
in this communication. 

In determining blood compatibilities, two methods have 
been employed, the indirect and the direct. The indirect 
method groups the patient and prospective donors among the 
four recognized classes, and permits of the selection of a donor 
belonging to the same class as the patient, if such a donor is 
available. Otherwise, the ‘universal donor” must be resorted to. 

For the proper performance of the indirect method, stock sera 
of Groups IT and ITI, and a drop of the patient’s citrated blood 
are the essential requirements. 

The direct method is generally, but not universally, employed, 
just prior to transfusion, and one object of this test should be to 
duplicate in vitro, so far as is possible, the conditions of the trans- 
fusion. Several technics have been described, such as those of 
Weil, of Rous and Turner, and of Coca. The last modification 
is the simplest, and, in the proportion of the bloods used, it 
approximates closely enough the proportions usually obtaining 
in the transfusion. It was in doing this test, as described below, 
that we first noted the phenomenon here reported. 


Donor and recipient are prepared as for a blood count. The neces- 
sary equipment is one white cell counting pipet, a hagedorn needle, 
425 
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10 per cent sodium citrate, normal saline solution, three clean glass 
slides and cover slips. The pipet is rinsed with the citrate solution, and 
enough solution is left to fill the terminal 5 division. The finger of 
the recipient is punctured, and when the drop is large enough, blood is 
drawn into the pipet up to the 1.0 mark. This is then blown out on 
the right end of slide I (fig. 1) (at R) and mixed with the end of the 
pipet. 

The same procedure is then carried out for the donor’s blood with the 
same pipet, after it has been well rinsed with the saline solution, and the 
drop is placed at the left end of slide I (D). Enough of the donor’s 


Slide I 


Slide II 


3 D(1-10) + 38 


Slide III 


Bie. 1 


citrated blood is left in the pipet to fill the terminal 1’v division, and saline 
solution is drawn in with the blood up to 1.0 mark. The contents are 
blown out on slide II, and mixed with the end of the pipet. This gives 
a zy dilution of the donor’s blood, which is the dilution that ultimately 
results when 500 ce. of blood (the usual amount) are transfused into a 
patient, the total volume of whose blood is estimated at 5000 cc. 

Three divisions (;?5) of the diluted donor’s blood (slide II) are drawn 
into the pipet, and also three divisions of the recipient’s citrated whole 
blood (R, slide I). The contents of the pipet are blown out on the third 
slide, thoroughly mixed with the end of the pipet, and covered with 
a cover glass. 
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This mixture is carefully watched for agglutination, which is hastened 
by moving the cover slip a bit from time to time. If the reaction is 
marked, it is easily seen macroscopically, but, if doubtful, the microscope 
must be used. Great care is necessary not to mistake rouleaux forma- 
tion for agglutination. Movement of the cover slip generally breaks up 
rouleaux. A reaction is read as negative if no agglutination appears at 
the end of fifteen minutes. It is also possible to determine whether the 
recipient’s or donor’s cells are agglutinated. In the former case, the 
great majority of the cells (i.e., 7°) are clumped, while 75 are free; in 
the latter case, the reverse of this is found. 


TABLE 1 


JANSKY 


I II Ill IV 


a 0 
WllSM ees eek en 0 A B AB 


In a class demonstration of this method, it was found that when 
L.,! group II (Jansky), was used as a donor, and M.,! group I 
(Jansky), as recipient, agglutination of the donor’s corpuscles 
took place. This reaction is normal, because group I serum, 
which contains agglutinins a and b is receiving agglutinable cells 
from group IJ. When, however, M., group I, was used as donor, 
and L., group II, as recipient, agglutination also resulted, affect- 
ing most of the corpuscles in the mixture. This last reaction 
was not expected, because the cells of group I have no agglutinable 
substances in them, and the serum in the test was diluted 1:10, 
in which dilution the agglutinating power of the group I serum is 
supposedly sufficiently weakened to prevent clumping of the 
agglutinable group II cells. It is for these two reasons that the 
group I individual is considered a ‘‘universal donor.”’ The test 
was repeated, and the result was found to be the same. 

The possibility that the unusual clumping represented an auto- 
agglutination of L.’s corpuscles was considered, and this explana- 
tion could be excluded by the observation that the mixture of L.’s 
plasma and corpuscles presented no clumping unless M.’s plasma 
was added. Furthermore, as will be presently shown (table 2) 


1L.-Levine; M.-Mabee. 
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the degree of agglutination of L.’s washed blood cells was propor- 
tional to the quantity of added M.’s plasma or serum. 

We determined the agglutinating power of M.’s serum in the 
following manner: 

Defibrinated blood of M. and of L. was centrifugalized, and 
the sera were pipetted off. A 1:4 suspension of L.’s washed 
corpuscles was prepared by adding 1.5 cc. of normal saline to 0.5 
ee. of the corpuscular sediment. One-tenth of a cubic centimeter 
of this suspension was put into each of five tubes. To these tubes, 
a 1:40 and a 1:400 dilution of M.’s serum were added, as follows: 
0.5, 0.2, 0.1 and 0.05 ec. of the 1:40 dilution and 0.3 cc. of the 
1:400 dilution. The contents were mixed by shaking gently, 
and contrifugalized for two minutes at high speed. Each of the 
five tubes showed agglutination in varying degrees, as evidenced 
by the completeness with which the cells stayed together on 
gentle shaking, and by failure of clouding the supernatant fluid. 
This demonstrated the high agglutinating power of M.’s serum for 
L.’s cells. 

TABLE 2 


TUBE 1 TUBE 2 TUBE 3 TUBE 4 TUBES 


eee bred he tects Sele aoe ogres seine Ss 0.1 0.1 0.1 0.1 0.1 
ML serum|{ OT: SEN. 2) GUMS O55 022 0.1 | 0.05 

TSAOO As SAL. SERA ES? 0.3 
Gross agglutination in test tube...../++++|] ++ AP ap == = = 


The following experiment was carried out to determine (1) 
the specificity of the action of M.’s serum upon L.’s cells, and (2) 
the agglutinating power of other group I sera. With this in 
view, a number of individuals were grouped and bled. The 
defibrinated blood was centrifugalized, the serum separated, 
and the cells (i.e., those of not group I) were washed once with 
sterile saline solution. In this study the serum of group I individ- 
uals and the cells of those not in group I were used. A 50 per 
cent suspension of the washed cells was made by taking 0.5 ce. 
of the cell sediment and 0.5 ce. of sterile saline solution. Dilutions 
of all sera (M.’s serum included) of 1:2, 1:5, and 1:10, were pre- 
pared. Each serum in the three dilutions was tested with as 
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many cells as feasible. A drop of each was put on a slide, 
thoroughly mixed, covered with a cover slip, and watched for 
agglutination. M.’s serum was tested against each cell suspen- 
sion. The experiment was planned to simulate conditions as 
they obtain in the human body; the 50 per cent cell suspension in 
saline representing the 50 per cent cells in the human blood; the 
1:10 serum dilution representing the ratio of donor’s blood in the 
recipient’s veins. A 2:10 dilution is used for the purpose of 
detecting what would happen if 1000 cc. were the amount trans- 
fused instead of 500 cc. The results of these tests are shown in 
table 3. 


TABLE 3 
Sera (Group I) 


q 


1-§ 9-13 14-17 18 19-20 21-25 


CELLS (NOT GROUP 1) 


| 1:10 

| 1:10 
2 

| 1:10 
22 
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| 1:10 
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A perusal of table 3 shows the following: 

1. M.’s serum diluted 1:10 agglutinated all but one of the 
cells, ¢, which however, was agglutinated in a 2:10 dilution. 

2. Of the 26 group I sera tested, M.’s serum was the only one 
with this remarkably strong agglutinating power. One serum, 
no. 18, agglutinated cells f in a 2:10, but not ina 1:10 dilution. 
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These findings lead us to attach far more importance and 
dignity to the direct test than is indicated in the literature. 
Meleney concludes “that where a reliable laboratory is at 
hand, the direct grouping of donor and recipient is not necessary, 
but should otherwise be done.’’ Nevertheless, were M. to act as 
“universal donor’’ to any of the 17 patients (not group. I) tested, 
with one possible exception, 250 ec. of her blood or one-half of 
the usual amount would cause a most complete and colossal 
agglutination of the recipient’s cells. with the formation, as 
Dr. Conner suggests, of multiple thrombosis and embolism and 
instantaneous death. 


Slide I 
Slide II 

3 D(210) + 3R 
Slide III 


Fia. 2 


On the other hand, when an emergency transfusion is needed, 
the procedure is justified without a previous grouping, provided 
the direct test shows no agglutination. In other words, it is 
safer to use the direct test than to depend upon a “universai 
donor.” It is not the intention of the writers to minimize the 
importance of the indirect test. The best donor is one out of the 
same group as the recipient, and this can be determined by the 
use of the indirect test with stock sera of groups II and III. How- 
ever, the direct test should always be performed prior to any 
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transfusion to check up a possible error in grouping, and, in the 
light of the present report, to detect an unusually high-titred 
serum in a group I individual who is offering himself for the first 
time as a “universal donor.” 

The foregoing experiences make it appear advisable to intro- 
duce a quantitative modification in the technic of the direct test 
of Coca. 

The fact that the serum of the group I individual 18 was able, 
in a 2:10 dilution, to clump the f agglutinable corpuscles 
would seem to mark individual 18 as an undesirable donor, if 
not actually a dangerous one. On the other hand, it seems 
safe to assert that any group I individual can be accepted as a 
universal donor, whose serum in a dilution of 2:10 causes no 
microscopically detectable clumping of the recipient’s corpuscles. 

We recommend, therefore, that, in performing the direct match- 
ing test of Coca, the donor’s citrated blood be diluted with saline 
solution 2:10 instead of 1:10 before being mixed with the equal 
volume of recipient’s citrated blood (fig. 2). 
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Several years ago, while making many routine examinations 
of spinal fluid it was occasionally disconcerting to find one which 
had a normal cell count, negative globulin reaction and yet 
which gave a positive Wassermann test. In checking them up, 
it was found that the individual making the cell counts had, 
at times, introduced a small amount of acetic acid into the 
specimen of spinal fluid. The technic employed was that of 
drawing glacial acetic acid into a white blood pipette and then 
blowing the excess of acid from the pipette. The spinal fluid 
was then drawn into the pipette, the small amount of acid 
which remained in the pipette being sufficient to differentiate 
the white cells for counting. When a small amount of fluid was 
withdrawn from the main bulk and used only for the Wasser- 
mann test the difficulty cited above was no longer encountered. 

With the above observations as a basis it was decided to study 
the effect of acetic acid on Wassermann negative spinal fluids 
and blood sera and, if possible, to determine the mechanism by 
which the result of the reaction was altered. The substance 
in question is one which exhibits both lytic and antilytic effects. 
In this respect acetic acid is not unlike a wide variety of sub- 
stances which have been found to exhibit similar action. Thus, 
Hektoen pointed out that some of the inorganic salts exerted 
an inhibiting effect upon the hemolytic reaction when present 
in certain concentrations. Later Hektoen and Ruediger, as 
well as Manwaring, found that small doses of solutions of many 
salts prevent the lysis of red corpuscles and of bacteria by im- 
mune sera. These authors reached the conclusion that the 
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antilytic action was concerned with the effect which these salts 
had upon complement. Arkin expressed the view that sub- 
stances like lactic acid, in certain concentrations, prevent com- 
plement from combining with amboceptor in the hemolytic 
reaction. Carbon dioxid, lactic acid, hydrochloric acid, urea, 
benzoic acid, tartaric, acetic acid, acetone, ether, chloroform, 
and hydrazin sulphate were observed by Sherwood to deflect 
or to destroy the hemolytic complement in certain concentra- 
tions. This author also noted that the zone of concentrations 
in which complement is fixed very nearly approximates and in 
many cases coincides with the weakest dilutions producing 
hemolysis, and may extend down to include a few concentra- 
tions which are unable to produce hemolysis. 


TECHNIC 


The method employed in the examination of the altered sera was that 
of the routine Wassermann technic used in our laboratories. Standard 
amounts of complement, amboceptor, sheep cell suspension, patient’s 
serum and antigen were used in all instances. By employing a standard 
technic (Haythorn) and one which had proved reliable over a period of 
years, it was possible to compare our results, after altering the reaction 
of the serum, with the result obtained with the unadulterated serum 
examined by the same technic. A 2.5 per cent suspension of sheep’s 
red blood cells was used as the hemolytic indicator in the presence of a 
unit of antisheep amboceptor and two units of 1:10 fresh guinea-pig 
serum. The patient’s inactivated serum was used in an amount of 
0.2 cc. with a standard cholesterolized (0.4 per cent) or acetone insoluble 
antigen. Each serum was inactivated and tested for the presence of 
syphilitic antibody at the time of conducting the tests to be outlined. 
The material which we wish to present in this paper has chiefly to do 
with the examination of negative sera. However, we have obtained 
some very interesting results with positive and anticomplementary sera 
which tend to indicate that it is possible, under given conditions, to 
alter the reaction of the above mentioned qualities of serum. We 
prefer, however, to discuss these reactions at another time. 

The reaction of the serum was altered by the addition of acetic acid. 
A 1:1500 dilution of the glacial acid in doubly distilled water was the 
one found most favorable. This dilution of acid was found to be hemo- 
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lytic for 1 cc. of the standard 2.5 per cent sheep blood cell suspension 
when employed in a sufficiently large dose. However, the lytic effect 
of 0.4 cc. of this dilution of acid for the blood cells was no longer evi- 
denced when the amount of serum (0.2 cc.) employed in the tests was 
added to the acid and incubated for one-half hour. In this connection, 
it was found possible to mask the lytic effect of stronger dilutions 
(1:1000) of acetic acid by means of normal inactivated serum in the 
amount of 0.2 cc. Further, it may be mentioned that the standard 
unit of blood cells was resistant to as much as 0.2 cc. of the 1:1000 
dilution of acid in the absence of serum. Although the dose of acid 
could be increased beyond a point where the lytic effect was not held in 
check, it may be stated that the largest amount of acid used in these 
tests was not hemolytic in the presence of serum. 

The protective effect of antigen for the standard unit of blood cells 
against the lytic effect of acetic acid was also studied. It was found to 
exert an antilytic effect upon the acetic acid for sheep’s blood cells, 
although the antilytic effect was not constant. There were zone phenom- 
ena developed which showed the antilytic action to be irregular and 
not uniform in character. This finding was contrary to that for serum, 
the antilytic effect of which was found to be uniform and constant when 
the dose and concentration of acid were held within certain limits. 

A combination of serum and antigen showed a uniform and constant 
antilytic action upon the lytic effect of acetic acid which was comparable 
to the antilytic action of serum alone when the same restrictions 
regarding the acid were observed. 

With the information that mixtures of acid, serum and antigen were 
not lytic for the standard unit of sheep’s red blood cells it was decided 
to determine whether the complex formed in such mixtures would fix 
complement. The dilution of acid selected was that of 1:1500 concen- 
tration as it was found to be satisfactory not only because its lytic 
action could be controlled effectively but also because it was found to 
fall within a zone where complement fixation-like reactions could be 
obtained with regularity. Under the prescribed conditions the lytic 
action was nil, whereas the stronger 1:1000 dilution exhibited too 
marked lytic powers. Again weaker dilutions (1:2000), although much 
less lytic than 1:1500 dilutions, were found incapable of giving regular 
evidence of complement inhibition. This feature of finding the hemo- - 
lytic zone so closely related to the zone exhibiting the most frequent 
evidences of a complement fixation-like reaction is interesting. 

The volume of material in all tubes was 2.5 ce. 
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SERA 


Gradually increasing doses of a 1:1500 dilution of acetic acid were 
added to 0.2 cc. of inactivated normal serum and two units of comple- 
ment. These mixtures were incubated in the water bath for one-half 
hour at 37.5°C. At the end of this time 1 cc. of a standard 2.5 per cent 
sheep’s red blood cells and a unit of amboceptor were added separately 
to each tube. Controls without antigen, acid and serum, as well as 
blood controls were used. 

Table 1 illustrates the results. The figures represent the grade of 
hemolysis. 


A survey of table 1 shows that the reaction of a serum is more 
easily altered as it becomes older, even when repeatedly inac- 
tivated. The degree of change is very marked with some speci- 
mens in that these have been converted to a strong degree of 
positiveness. In no instance did any of these sera exhibit 
anticomplementary action at the time they were examined. 
This is evidenced from the controls, when in the absence of 
antigen complete hemolysis was obtained. It was further 
determined by the controls that the amount of acid used was 
not responsible for the clearing of the controls which contained 
no antigen. These doses of acid were not hemolytic save in 
the one instance. The amount referred to, namely, 0.4 ce. 
of a 1:1500 dilution always caused hemolysis. However, in 
the tests we find that the tube which holds this amount often 
showed no hemolysis. From what we have noted previously, 
0.2 cc. of patient’s serum is sufficient to mask the lytic effect 
of acid and the combination thus formed will fix complement. 
It will also be observed that amounts of acid which give fixation 
of complement do not hinder the action of complement in pro- 
ducing hemolysis in the controls. A further interesting feature 
is the difference in the appearance of the hemolysis caused by 
acid alone with red cells and acid plus serum, complement. 
amboceptor and red cells. In the first, the color is of a purplish 
red hue, while the second type presents a clear bright pinkish 
red. Examination by spectroscope of these two types showed 
absorption bands for oxyhemoglobin. The character of the 
hemolysis in the controls which consisted of serum, acid, com- 
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plement, amboceptor and red cells was always of the second 
type and, therefore, in all probability, due to the action of com- 
plement and amboceptor. 

The order in which the acid was added to the tubes apparently 
made little difference in the result. It was not necessary to 
add patient’s negative serum or antigen to the acid before add- 
ing the complement in order to protect the latter. All manner 
of orders were tried in making up the acid, serum, antigen, com- 
plement complex and a similar result was obtained in all in- 
stances. This fact was easily checked in the controls where 
acid was added directly to complement without deleterious 
effect to the latter substance. 

These facts make it reasonably certain that hemolysis was 
not due to the effect of acid, and non-hemolysis was not due to 
the destruction of essential elements which function in the 
complement amboceptor complex. 

Further, it was determined that in order to obtain a result 
of no hemolysis it was necessary to have a proper dose of acid 
with serum and antigen. Complement was not used up in the 
presence of any two of these substances. The rule was to permit 
the acid and serum to stand together for a time before adding 
the antigen. Although a distinct precipitate was noted with 
some sera it was not necessary to have a precipitate occur in 
order to obtain fixation of the complement. However, it was 
noted that where a precipitate occurred a strongly positive 
result was obtained. Whatever the change which brought 
about the fixation of complement it appeared to be intimately 
linked with an alteration in the serum which occurred in a 
variety of grades in different sera as was evidenced by the vary- 
ing degrees of complement fixation in the presence of antigen. 


SPINAL FLUIDS 


From our original observations upon the action of small 
amounts of acetic acid upon spinal fluids, it was learned that 
a negative fluid could be influenced to show a positive Wasser- 
mann reaction. Therefore, it was decided to study this altered 
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reaction and see with what regularity it occurred. Technic 
similar in all respects to that employed for the study of sera 
was used in the examination of the spinal fluids. 

The fluids were tested for the Wassermann reaction and were 
found to be negative at the time of examination. The controls 
were the same as those used in the study of the sera. 

The opportunity to study the reaction in relation to time 
was not afforded with the spinal fluids as they were obtained 
from outside sources and usually were more than twenty- 
four hours old. However, it is evident that a complement 


TABLE 3 
1: 1500 acETIC ACID 

ee eee AGE 

0.1 ec. | 0.2 ce. | 0.3 ec. | 0.4 ce. 
hours 
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6 Cholesterin............|-NH|—NH| NH | NH | 48 
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8 Cholesterin............| NH| NH | NH | NH | 48 

Lipoid. TEs. cee el OOF | al00 100} 100 
e ecuve serum no: 18 a eee Be 100 | 100] 100) 75] 24 

ete ee ie eg LADO se orefeern sep ~-4 fh 2009) .100)| 100), NEL 
g Chane —100| 25|NH | NH | 24 

/ spe onan a Lipoid Re sNeeey ee 100 | 100 100} NH 
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fixation-like reaction can be obtained with spinal fluids by the 
same methods which were used for the examination of sera. 
It is interesting to note that the degree of positiveness which 
can be obtained in spinal fluids with a cholesterolized or a non- 
cholesterolized antigen is but very little different. Apparently 
the essential substance for the further preparation of the fluid 
after the addition of the acid is of a fatty nature and is com- 
monly present in the acetone insoluble lpoids employed in the 
regular Wassermann technic. 
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On the other hand, in the examination of sera the same serum 
when tested with cholesterolized and non-cholesterolized ex- 
tracts showed, as a rule, stronger degrees of positiveness with 
the cholesterolized extract. However, occasional sera were 
encountered which reacted equally well with the non-choles- 
terolized extract. For comparison with the spinal fluids on 
this point the results in table 3 are interesting. Sera which 
were partially positive or only positive with cholesterolized 
antigen were rather easily converted to full four plus positive 
reactions. 

Sachs and Altman observed that a certain number of cases 
of syphilis give no reaction when heated serum is used, but in 
7 out of 11 cases these authors found that the addition of 1:1000 
to 1:2000 normal HCl caused a positive or partial reaction, 
whereas the addition to normal sera was without effect. The 
finding of these authors with regard to negative sera is contrary 
to our experience, at least in so far as acetic acid is concerned. 
Our observations as to the change in the sign of a negative 
serum to a positive reaction substantiate those of Cumming. 


EXPERIMENTS WITH GLOBULIN 


The mechanism of the reaction observed in the foregoing 
experiments in all probability involves a complex rearrangement 
of the individual constituents used in the tests. It has been 
noted that, although a constant degree of change is not obtained, 
within certain limits it is possible to demonstrate a type of com- 
plement fixation.: Attention has been directed to the variations 
in the degrees of positiveness to which negative sera can be 
converted. It may be that for certain sera, showing a rather 
marked alteration from negative to positive, the particular 
experimental conditions bring about the proper concentrations 
resulting in the apparently necessary balanced ratio required 
for a particular serum to show a marked change, whereas another 
zone of concentration would show an equally decided change 
on the part of other sera. 

Of late much attention has been centered in an attempt to 
determine the fraction of the serum responsible for the phenom- 
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enon of complement fixation as it is observed in the Wasser- 
mann reaction. The studies conducted by Forssmann are of 
particular interest in that this author concluded that the Wasser- 
mann fixing body was intimately bound with the globulin frac- 
tion of the serum. In view of this information and our own 
observation that a marked change in the sign of a negative serum 


TABLE 4 
Sample I 


TURES Ae SEE a aloe Bens yey |ee8Pl a ie toe aaa eae 


Globulin in increasing 4 
Howe se. 0.05 | 0.1 | 0.15 | 0.2} 0.25] 0.3 |0.35| 0.4 | 0.45] 0.5 | 0.55 | 0.6 
Cholesterin antigen........ 


Complement 2 units........ 


SS OO ee eS 


IR ab ae Ree ee —100}—100|—100) NH| NH| NH} 25 | 50 | 50 | 75 | 90 | 100 
Controls without 
antigen 
FRESUL Gersresenclss 8) oto S0, ators 100} 100) 100,NH|NH|INH} 25 | 50 | 50 | 75 | 90 | 100 
TABLE 5 
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Controls without antigen 


LESS Aa te Sa eee 100} 100/NH |NH}| 50 | 50 | 90 | 100} 100) 100) 100) 100 


occurred when visible particulate matter was seen upon addition 
of acid, it was decided to study the reaction obtained with the 
globulin fraction of serum and compare this reaction with that 
obtained by the use of whole serum. 

At first globulin was obtained by diluting 200 ce. of ox blood 
serum ten times and precipitating with 20 ce. of 1:100 acetic 
acid. This gave a final concentraton of 1:10,000 acetic acid. 
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The globulin was then washed in distilled water and redissolved 
in 10 ce. of 0.1 per cent Na,CO; solution. Although the results 
are not conclusive they are nevertheless very interesting. The 
following tables show the type of result obtained with two sam- 
ples of ox blood. 

The controls show that the antigen had little or no influence 
upon the result in that the globulin itself was able to bind com- 
plement. It will be noted that the reaction is in the nature of a 
zone phenomenon with a single maximum wave. Although the 
conditions of this experiment are somewhat altered by the fact 
that another reagent, namely, sodium carbonate is introduced, 
it, however, serves to illustrate the effect of a substance like 


TABLE 6 


AMOUNT GLOBULIN IN INCREASING DOSES, CC. 


VAMEIZON 4 CO saponins oteieis Sioeiceis te cieieist as alae esse eee 0.2 0.2 0.2 0.2 0.2 0.2 
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Negative serum no. 27................--| 100] 100] 100; 100; 100} 100 
Nevative.serum no; 29. ..2..5.5..002...-1 100 },400-} 100 | 400 | -1005)- 166 
erative Serum NO: 4... kes esse. ates. 75 75 50 50 50 25 
Controls for each serum (globulin) 
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globulin upon complement. Attention should also be directed 
to the fact that the final concentration of acid in the globulin 
precipitation was less, by more than six times, than the dilution 
which was found to give uniform results with negative sera. 
Globulin precipitated from normal human serum by di- 
lution with distilled water and the addition of 1:1500 acetic 
acid gave a somewhat different result. The results were not 
constant and varied with the samples of serum. It was observed 
here, however, that the controls which contained no antigen 
did not inhibit the action of complement in causing hemolysis. 
The results outlined in the foregoing table would indicate 
that within a proper zone the globulin fraction of some negative 
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sera forms a combination with antigen which inhibits hemolysis. 
Although the degree of inhibition of hemolysis is not as pro- 
nounced as that obtained by treating whole serum with acid, 
there is still a grade of comparison between the reaction obtained 
with the globulin of negative serum and the whole negative 
serum. The physical or physico-chemical state of the globulins 
in whole serum is, no doubt, influenced to a marked degree by 
the other colloidal constituents. 

The difference in the globulin content of normal and luetic 
serum is one of quantity rather than quality. According to 
Holker, luetic serum contains an excess of euglobulin which is 
readily precipitated, a feature commented upon by Vernes. 
However, this author as well as Porges and others have noted 
that the difference in precipitation between normal and positive 
sera by extracts of organs or solutions of lecithins is one of rate, 
the globulins of luetic serum being very unstable and precipitated 
at a rapid rate. This point is emphasized in the work of Kiss 
who showed that antigen exerted its effect primarily by pre- 
cipitating globulin. Kiss has gone a step further in a study of 
the effect of various adsorbents on complement, concluding 
that such substances as kaolin, charcoal and a suspension of 
B. typhosus use up complement according to the law of Freund- 
lich and thus complement fixation is an adsorption phenomenon. 
Forssmann has called attention to the importance of the glob- 
ulin fraction in serum and concluded that the Wassermann 
substance is linked up with the globulin fraction probably 
in the nature of a lipo-globulin compound. 

Modifications in the physico-chemical properties of normal 
sera suffice, according to Hirschfeld and Klinger, to produce 
positive complement fixation reactions which are dependent 
upon alterations in the physical state of the serum globulins. 
Thus, prolonged agitation of normal sera, contact with kaolin 
and bacterial suspensions will all bring about such alterations 
and resultant positive complement fixation reactions. 

In our experiments there was used an acid which caused a 
change in the physical state of the sera evidenced in some in- 
stances by the precipitation of visible particulate matter. The 
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latter sera always showed a marked change from the negative 
to the positive sign. It is well known that the formation of 
precipitates, the changes in sizes of particulate matter and, 
perhaps, electrical conditions, are intimately related to the 
fixation of complement. However, it was found unnecessary 
to have a definite visible precipitate to obtain complement 
fixation, a point which has been stressed by Dean in his study 
of immunological reactions. 

The physical state of the various sera, no doubt, exerted a 
considerable influence upon the reactions which were obtained. 
Even minor changes in the physical character of the sera would 
be sufficient to interfere with the uniformity of a reaction of 
the type discussed in this study. The question of mutual re- 
lation of concentrations with a like suspension equilibrium in 
all tests exerts an influence upon the quality of the reaction 
which it is quite impossible to evaluate. In these results there 
is a type of parallelism with those obtained in the regular Wasser- 
mann technic in that different grades of complement fixation 
are obtained with different sera. Generally speaking, in the 
Wassermann reaction this is looked upon as due to the amount 
of Wassermann antibody present in the various samples of 
luetic serum. Even here, however, the trend of investigation 
points only to a quantitative difference in the concentration of 
similar substances in the blood in syphilis and in health. 

It was found that acetic acid of a certain concentration served 
best to give fixation of complement in the presence of antigen 
and anormal serum. It may be that within this range a certain 
pH was established which was most favorable for the reaction. 
It is interesting that the presence of antigen was necessary in 
the mixture to cause the reaction of ‘‘no hemolysis’ and it 
apparently made no difference when the antigen was added, 
although the results were more uniform when a mixture of 
acid, serum and antigen stood for fifteen minutes or so prior 
to the addition of the complement. It may be, if as suggested 
by Warden that fats lower surface tension, that a surface con- 
densation of complement was permitted depending in amount 
upon the character of the complex created by the treatment 
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with acetic acid which substance belongs to the neutral fatty 
acid series. The electrical potential established by the amounts 
of acid used probably produced some change in the physical 
state of the globulins so that complement in the presence of 
antigen was fixed. Not only must the effect of the acid itself 
be considered but also the almost inconceivable activity of those 
very unstable compounds, the phosphatids, which are the 
active principles of antigen. Work upon the question of the 
isoelectric points for the artificial complement fixation and the 
precipitation of globulin is in progress. 
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INTRODUCTION 


In 1912 Dean (1) called attention to the importance in pre- 
cipitin and complement fixation reactions of the quantitative 
relations between antibody and antigen. He found in precipi- 
tin reactions that to obtain maximum precipitation from any 
quantity of immune serum one must employ the optimal or 
equivalent quantity of antigen. An excess of either antigen 
or antibody caused a retardation of the precipitin reaction, and 
if the excess was great inhibition of precipitation occurred with 
the result that the visible amount of precipitate was lessened. 
In complement fixation tests Dean found that the matter of 
optimal or equivalent proportions was of even greater importance. 
The proportions of antigen and antibody which produce the 
most effective precipitation are not, as a rule, those which pro- 
duce the greatest fixation of complement. For any quantity 
of serum there are, therefore, two quantities of antigen: one 
quantity which is optimal for precipitation, and the other which 
is optimal for complement fixation. The antigens employed 
by Dean were egg white, horse serum, goat serum, human serum, 
monkey serum, and saline emulsions of B. typhosus. The anti- 
sera were prepared by the injection of animals with these 
materials. 

Opie in 1923 (2) while studying antigen-antibody relations in 
precipitin tests encountered the phenomena described by Dean, 
and concluded that the “inhibition zone,’ which occurs when 
antigen is present in excess, is caused by the solvent action of 
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the excess of antigen. Opie used horse serum, donkey serum, 
and crystalline egg albumen as antigens. 

The above observations were all made on reactions which 
involved the interaction of immune serum and true antigens, that 
is, of antibody and substances which give rise to the develop- 
ment of antibody when injected into animals. 

Dochez and Avery in 1917 (8) described the soluble specific 
substance of pneumococcus. This is a bacterial derivative which, 
when mixed with specific antipneumococcus antiserum, causes 
precipitation. However, it is not, strictly speaking, antigenic, 
since it does not give rise to the development of antibodies (4). 


The nature of this substance is, briefly, as follows: It was shown by 
Dochez and Avery to occur in filtrates of pneumococcus cultures and 
in the body fluids of experimentally infected animals and of patients 
suffering with acute lobar pneumonia. The substance is type specific, 
thermostabile, precipitable by alcohol or acetone, non-dialyzable, and 
not digested by trypsin. Avery and Heidelberger (4, 5) have recently 
studied this substance and have found that it consists mainly of a 
carbohydrate, a polysaccharide or a substance intimately associated 
with a polysaccharide. It is highly reactive when mixed with the 
homologous type of antipneumococcus serum, and is type specific. 
Althoughit reacts with antipneumococcus serum of the homologous type 
in dilutions as great as 1:5,000,000, the substance is not, strictly speak- 
ing, antigenic. Prolonged immunization of rabbits with this material 
does not result in demonstrable antibody formation. 


The substance is, then, a specifically reactive derivative of 
pneumococcus, and is, in purified form, practically free of nitrog- 
enous and lipoid material. Since, on chemical analysis, it is 
a much less complex substance than the antigens usually em- 
ployed in specific serum precipitations, and since it is not anti- 
genic, it seemed of interest to investigate its behavior in varying 
concentrations of antipneumococcus serum, and to determine 
whether there exists between the antibacterial serum and the 
soluble specific substance an optimum ratio for precipitation. 
If this should prove to be the case, it would indicate that the 
inhibition zone encountered by previous investigations in pre- 
cipitin reactions, may be due to the influence of the actual 
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reacting substance of the more or less complex antigens em- 
ployed by them. Parker (6) using ‘‘residue antigens”’ of pneu- 
mococcus (material similar to if not identical with the specific 
soluble substance), filtered saline extract of typhoid bacilli and 
horse serum as ‘‘antigens,” studied antigen-antibody relations 
with respect to complement fixation, and confirmed Dean’s ob- 
servations on the importance of the quantitative relationships 
between antibody and reacting substance. 


MATERIALS 


Specific soluble substance. This was furnished by Drs. Avery and 
Heidelberger and their note on its preparation and analysis follows. 


Autolyzed cultures of type II pneumococcus in phosphate broth were 
concentrated to 7: volume and precipitated with 1.2 volumes of alcohol. 
The precipitate was centrifuged at high speed. The thick compact 
middle layer which results from centrifugation contains the soluble 
specific substance. By repeated fractionation of this material with 
alcohol or acetone, first in neutral and then in dilute acetic acid solution, 
followed by repeated fractional precipitation with ammonium sulfate and 
final dialysis, a highly purified preparation was obtained. By this 
method about 1 gram of the substance is obtained from each 75 liters 
of culture used. The substance is amorphous and yields a viscous 
solution in water. A 1 per cent solution gives no biuret test, yields no 
precipitate with phosphotungstic acid, mercuric chloride, or neutral 
lead acetate, gives a faint haze with tannic acid, and is precipitate 
by boric lead acetate. At a dilution of 1:5,000,000 it gives the Molisch 
reaction. [a], is +58.7°; N, 1.2 per cent; P, trace; S, none; C, 46.2 
per cent; H, 6.1 per cent. Hydrolysis yields 79 per cent of reducing 
sugars, of which glucose was identified by the melting point and optical 
rotation of its phenylosazone. 


Serum. Antipneumococcus serum, type II, obtained by 
immunizing a horse first with killed, and finally with living 
cultures of pneumococcus type II. 

Buffer mixtures. The buffer mixtures! consisted of a solution 


1 The buffer solutions were prepared by Dr. A. Baird Hastings 
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of 0.05 M KH.PO,, 0.05 M H;BOs, and 0.05 M C;H,(OH) (CO.H)s. 
Samples of this mixture were titrated electrometrically with 
NaOH to pH 5, 7, and 9. 


METHODS 


The various dilutions of immune serum were made in normal 
salt solution or in the buffer mixture at the desired pH. The 
soluble specific substance was dissolved in normal salt solution 
at the concentration desired (by weight) and dilutions of this 
were made by the addition of various amounts of salt solution 
or of the buffer mixtures. Separate pipettes were used in 
making all dilutions. The serum dilutions were made in both 
salt solution and the buffer mixtures. Five-tenths cubic centi- 
meter quantities of the different dilutions of the reacting sub- 
stance were added to 0.5 ec. quantities of the different dilutions 
of the immune serum. The tubes were placed in the water 
bath at 37°C. for two hours, and at 4°C. for at least twelve 
hours before the readings were made. The dilutions present 
after mixture of the immune serum and soluble substance are 
indicated in the table. The relative amounts of precipitate are 
shown by plus signs, and the maximum precipitate for each 
dilution of immune serum is indicated by the letter M. 


EXPERIMENTAL 


In the following experiment an attempt was made to investi- 
gate the quantitative relationship, for optimum precipitation, 
between antipneumococcus serum and the soluble specific sub- 
stance. 


Experiment 1. Four experiments of this type, differing only in the 
diluents used for the immune serum and the solution of reacting sub- 
stance were performed. [In the first experiment the immune serum and 
soluble substance were diluted in physiological salt solution. In the 
remainder the dilutions were carried out in buffer mixture of pH 5, 7, 
and 9. Since the results were practically the same in all four experi- 
ments, the protocol of only the one made with salt solution as the diluent, 
will be given. In table 1 the figures represent the final concentrations 
after mixture of serum and reacting substance. 
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From table 1 it is seen that for optimum precipitation from 
any amount of immune serum there exists an optimum concen- 
tration of the reacting substance. This is shown graphically 
in chart 1, where the ordinates represent, in milligrams, the 
concentration of soluble specific substance, and the abscissae 
represent, in cubic centimeters, the concentration of immune 
serum. It is seen that if the maximum precipitate for any 
dilution of immune serum is charted, the points fall approxi- 
mately on a straight line. The ratio, therefore, between con- 
centration of antibody and concentration of reacting substance, 
under the conditions of this experiment, is practically constant. 


TABLE 1 
SOLUBLE SPECIFIC SUBSTANCE 

TYPE II 

ANTI- 
PNEU- = = = = 
mococ- o o S S = S S. = S 

cUs = = rs) —] Ss 3 Ss x x 
SERUM S oS = = = ok 2 ra Ss 
ee ee et Pe ie oe oes 
1-8 4 ++ |+4+4+M/ ++ |] + |] +] +] 0 | 0 
1-32 + + + |++M/ + [+ 1+ ] +4 |] 0 
1-64 0 0 = ae 4M | + sis 0 0 
1-128 0 0 0 0 er get ay ee Be 0 
1-256 0 0 0 0 0 0 | 0 0 0 


M = Maximum amount of precipitate for this dilution of immune serum. 


From table 1 it is seen that this ratio varies only between 1:10,000 
and 1:20,000. 

When excessive amounts of reacting substance are brought 
into contact with the higher dilutions of immune serum, an 
inhibition zone is present, in which little if any precipitation 
occurs. It seemed of interest to determine whether, by using an 
excessive amount of reacting substance, such an inhibition zone 
could be demonstrated in undiluted serum, and if so, to measure 
quantitatively this inhibiting effect by determining the weights 
of the precipitates resulting from the mixture. This was done 
in the following experiment. 
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Experiment 2. Four wide mouth centrifuge tubes, 2 cm. in diameter 
and 4 cm. long, were thoroughly cleaned, dried in the oven at 110°C. and 
weighed. Into each tube was placed 1 ce. of antipneumococcus serum, 
Type II, the same pipette being used for each measurement. One 
cubic centimeter of varying concentrations of the soluble substance in 
salt solution were then added to the four tubes of serum. The first tube 
received 1 cc. of a 1:100,000 solution of soluble substance, the second 1 
ee. of a 1:10,000 solution, the third 1 ec. of a 1:1,000 solution, and the 


eG: 

2 0.00039 
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: eae 

> 000078 aaa 
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© 0.00312 
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3 

a 

0.02500 

Q | 

5 i 


Cc. 0.250 0125 0.062 0031 0015 0007 0.003 


Concentration of anti-pneumococcus serum 
per cc. of mixture 


Crart 1 


fourth 1 ec. of a 1:100 solution. These solutions were added in the order 
named using the same calibrated pipette for all measurements. The 
tubes containing the serum-soluble substance mixtures were placed 
in the water bath at 37°C. for two hours, and then at 4°C. for eighteen 
hours. Macroscopic readings of the amount of precipitate were then 
made and are given in table 2. The four tubes were then centrifuged 
at high speed for two hours. The supernatant fluid was carefully 
removed by a pipette and absorbent paper. This was done without 
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disturbing the tightly packed sediment of precipitate. The tubes 
were then placed in the oven at 110°C. and dried to constant weight. 


In table 2 is given the macroscopic reading of the amount of 
precipitate in each tube, together with the actual weight of the 
precipitate. 

From table 2 it is seen that when an excess of the soluble sub- 
stance of pneumococcus is mixed with the homologous type of 
antipneumococcus serum inhibition of precipitation occurs. 
Two facts were noted which are worthy of comment in connec- 
tion with this phenomenon: First, when immune serum and 
an excessive amount of reacting substance are brought together, 
a prompt turbidity develops, but this, on standing at room or 


TABLE 2 


PNEUMOCOCCUS SOLUBLE 
SPECIFIC SUBSTANCE 
(TYPE II) 


ANTIPNEUMOCOCCUS SERUM 


(TYPE 11) macroscopic | PRY WEIGHT 


TUBE 


NUMBER PRECIPITATE eect 
Amount | Final dilution | Amount | Final dilution 
cc ce. gram 
1 1 1:200 1 1:2 == 0.0017 
2 1 1:2,000 1 2 +++ 0.0043 
3 1 1:20,000 1 1:2 SPR ar 0.0033 
4 1 1:200,000 1 1:2 ++ 0.0014 


incubator temperature, rapidly decreases in intensity. An 
actual solution of the formed precipitate seems to take place. 
Opie concluded that this occurred when an immune serum was 
mixed with an excessive amount of its antigen. This conclu- 
sion seems also to hold in the case of antipneumococcus serum 
and the purified reacting substance of pneumococcus. <A second 
observation of interest is that the tube in the inhibition zone 
which contained the greatest quantity of reacting substance, 
not only yielded a precipitate macroscopically small, but one 
which differed in its physical aspects from those of the remaining 
tubes. Promptly after admixture of serum and soluble sub- 
stance, a thin, semi-translucent mucilagenous film formed from 
the turbid mixture and settled to the bottom of the tube. This 
was in striking contrast to the fluffy, white precipitate occurring 
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in the tubes containing smaller amounts of reacting substance. 
The importance of recognizing this fact in interpreting the re- 
sults of a precipitin test is brought out by a comparison of the 
actual weights of the precipitates, given in table 2, with the 
macroscopic quantitative determinations. It is seen that the 
precipitate in tube 1, in which only a very slight precipitate was 
visible (-4), did not weigh less than that in tube 4, which showed 
macroscopically a fairly heavy precipitate (+-+), and that the 
precipitate in tube 3, which macroscopically appeared to be 
the maximum of the series, weighed no more than that in tube 2 
(e2eeeh 


SUMMARY AND CONCLUSIONS 


The observations of Dean and Opie upon the importance, 
in precipitin reactions, of the quantitative relationship between 
an immune serum and its antigen, also hold for antipneumococcus 
serum and pneumococcus soluble specific substance. Within 
the limits of pH 5 to 9, the reaction at which the precipitin test 
is performed in buffer mixture has little if any influence upon 
this relationship. In order to obtain the maximum precipitate 
from any given quantity of antipneumoccoccus serum, a definite, 
or optimum amount of soluble specific substance must be em- 
ployed. The ratio between immune serum and reacting sub- 
stance is practically constant; when an excess of reacting sub- 
stance is present, the precipitate is not only decreased in amount, 
as determined by inspection and weight, but its appearance is 
altered. 
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That pollens are the cause of a high percentage of cases of 
hay-fever has been well established for quite a number of years. 
Elliotson, in 1831, seems to have been the first one to ascribe 
the attacks of hay-fever to pollen. This was particularly es- 
tablished by Blackley, in 1873, who not only collected the 
pollens on glycerin plates but also induced attacks of hay-fever 
in himself and in susceptible patients by inhaling them. He 
also tested the skin reaction of hay-fever patients by applying 
the pollen to the scarified skin and induced an attack of hay- 
fever in himself by injecting pollen extract hypodermically. 
Dunbar, in 1905 and in subsequent writings, published the re- 
sults of scientific investigations of the affection which finally 
forced the acceptance of Blackley’s experimentally founded 
theories. 

It was shown later that substances other than pollens are 
capable of producing the hay-fever syndrome. These substances 
are usually taken in by inhalation, as exemplified by orris root 
and the animal epithelia. But even non-antigenic substances, 
such as peptone and tuberculin (1), have been shown to produce 
the hay-fever syndrome in susceptible individuals. 

In 1906, Wolff-Eisner suggested that hay-fever was an ana- 
phylactic reaction and in 1911, Freeman and Noon reported 
upon the treatment of hay-fever patients with the extracts ob- 
tained from the pollens to which they were sensitive. Since 
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that time a great deal of work has been done along this line. 
This was especially stimulated by the results of numerous re- 
searches along the line of anaphylaxis, and especially since 
Meltzer, in 1910, pointed out the analogy of clinical asthma with 
the condition found in experimental, anaphylactic guinea-pigs. 

The anaphylactic theory of hay-fever has not been universally 
accepted because of a number of objections to it. These have 
been pointed out by many observers, especially by Coca (2). 
Suffice it to say at this time that the chief objection to it was 
the fact that many experimental observers in working with the 
pollen extracts failed to find in them antigenic properties. 

Since it has been shown that the offending substance in the 
pollen is of a protein nature, it was difficult to explain this in- 
ability to render guinea-pigs hypersensitive to them. In a 
careful review of the literature to date of writing (April, 1923) 
I was unable to find any reports of successful sensitization of 
experimental animals to the extracts of pollens, with the excep- 
tion of a brief report by J. T. Parker (3). This author em- 
ployed the Dale method and reported positive results obtained 
in guinea-pigs injected with ragweed pollen. 

While conducting experiments on anaphylaxis at the Rudolph 
Virchow Krankenhaus, Berlin (Dr. Kurt Meyer, Director), 
I made observations on the antigenic properties of pollens. 
Regretfully, ragweed being absent in Europe, I was unable to 
carry out experiments on that pollen and had to content myself 
with utilizing the pollens of rye (secale cereale) and maize (zea 
Mays). 

In this paper I shall present the results of successful sensitiza- 
tion of guinea-pigs to rye pollen. 


PROTOCOLS 


The rye pollen was obtained from Schimmel & Co., from Miltelz 
bei Leipzig. This firm manufactures the Polantin of Dunbar, and is 
considered to possess very reliable pollen. The pollen was examined 
microscopically and found to conform to the structure of a known, 
fresh specimen of the same pollen. 
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The pollen was extracted with a 2 per cent solution of sodium bicar- 
bonate after having been previously triturated with a pestle in a 
mortar. The proportion was 1 gram of pollen to 10 cc. of the bicar- 
bonate solution. After being treated in a shaking machine for about 
thirty minutes the specimens were put in the incubator for about twelve 
hours. Toluol was used as a preservative. 

The solution was then centrifuged and the supernatant fluid passed 
through filter paper. The toluol was removed before the solution was 
injected into the animals. The N content of the solution was deter- 
mined very accurately and found to be 201.6 mgm. to 100 cc., or 2.01 
mgm. to 1 ce. 

Twenty guinea-pigs were used for the purpose of these experiments. 
The animals were first injected on February 2, and 9 of them received 
a second injection five days later. The latter injection consisted of 
2 ce. of the filtered extract with the exception of experimental animals 
numbers 455 to 459 inclusive, which received only 1 cc. These animals, 
it will be noticed also had only 1 cc. at the first injection. The test 
injections were made intravenously in all the animals. Further details 
of the experiments are to be found in the accompanying table. 


REMARKS CONCERNING THE PROTOCOLS 


It will be noticed from the above table that 6 guinea-pigs 
were injected intraperitoneally with 2 cc. each of rye pollen 
extract containing 0.2 per cent N. Five animals were injected 
with 1 cc. of the same extract. Three animals were injected 
with 2 ec. each of the extract but 0.5 gram of the sediment were 
added so as to include whatever antigens the solvent might not 
have dissolved. Four other animals had 2 ce. of each the pollen 
extract with + lethal dose of diphtheria toxin, in order to de- 
termine whether the toxin will render them more sensitive to 
the anaphylactogenic substance. By consulting the table one 
can see that all the animals have become sensitized, and those 
that received the extract only were as sensitive as those that 
had the addition of either sediment or diphtheria toxin. 

The observations on these animals consisted of: (1) determi- 
nation of the minimal lethal dose, (2) antianaphylaxis, (38) 
passive anaphylaxis, (4) specificity of reactions, (5) demonstra- 
tion of specific antibodies. 
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ANAPHYLACTOGENIC PROPERTIES OF RYE POLLEN 
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Determination of the minimal lethal dose 


In the guinea-pig this was found to be 0.5 cc. of the extract 
or approximately 1 mgm. of N. 0.75 cc. proved fatal in 3 of the 
4 animals injected with it (100 per cent). The extract passed 
through the Berkefeld filter proved to be of about the same 
“toxicity” as the one passed through filter paper. 


Antianaphylazis 


As will be noticed from the protocol tables, guinea-pig 4 that 
recovered after a severe reaction following the injection of 0.5 
ce. of the extract had but a slight reaction following the adminis- 
tration of 1 cc. on the next day. The injection of the latter 
dose, as will be noticed, was fatal to all the other animals upon 
which it was tried. Similarly, guinea-pig 8 that recovered 
following an injection of 0.75 ce. of the extract did not succumb 
to the injection of 2 cc. administered on the following day. 
These two observations show conclusively that the phenomenon 
of antianaphylaxis became established. 


Passive anaphylaxis 


Guinea-pig 20 was injected intraperitoneally with 5 cc. of 
serum obtained from animal 12. Next day the animal was in- 
jected with 1 cc. of rye pollen extract intravenously. Typical 
anaphylactic death resulted within two minutes. A normal con- 
trol animal exhibited no untoward symptoms whatever from 
a dose twice that size. 


Specificity of reaction 


Guinea-pig 16 was injected with 1 cc. of maize pollen extract 
without any untoward symptoms while 1 ce. of rye pollen ex- 
tract injected on the following day resulted in a typical anaphy- 
lactic death. 


Specific antibodies 


Precipitins and specific complement-fixing bodies were searched 
for in 4 animals but with negative results. 
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SUMMARY 


This paper is based upon observations made on 20 guinea-pigs 
to determine the anaphylactogenic properties of the pollen of 
rye (secale cereale). The pollen was obtained from a reliable 
source and microscopically showed the characteristic features 
of that pollen. It was extracted with a 2 per cent solution of 
sodium bicarbonate and the extract contained 2.01 mgm. N to 
1 ce. Nine animals received only one sensitizing injection. 
Four animals received an initial injection of 2 ec. (4.02 mgm. N) 
and the same amount was repeated five days later, Five animals 
received an initial injection of 1 cc. (2.01 mgm. N) and a repeti- 
tion of the same was given three weeks after the primary injec- 
tion. While normal guinea-pigs were found to survive, and 
without symptoms, 2 cc. of the rye pollen extract, the sensitized 
guinea-pigs invariably succumbed to injection of 1 ec. of the 
extract (100 per cent). Of 4 animals injected with 0.75 ce. of 
the extract, 3 (75 per cent) succumbed within two minutes of 
injection exhibiting typical anaphylactic symptoms, while 1 
gradually recovered following a severe anaphylactic reaction. 
Dosages of 0.5 cc., or less, invariably gave rise to marked anaphy- 
lactic symptoms, but the animals gradually recovered. These 
animals invariably showed a subsequent increase of tolerance 
as is evidenced by their surviving the injection of 1 cc. of the 
extract on the following day. 

Passive transfer was accomplished from the sensitized guinea- 
pig to a normal one. The injection of 1 cc. of the rye extract 
intravenously on the day following an intraperitoneal injection 
of 5 ec. of the sensitized animal’s serum, proved fatal within 
two minutes. 


CONCLUSIONS 


As a result of the above experiments it seems safe to conclude 
that guinea-pigs can be readily rendered hypersensitive to rye 
pollen. 

The experimentally injected animals also show the phenomena 
of anti-anaphylaxis and also of specificity. 
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Specific precipitins and complement-fixing bodies were not 
demonstrated in the animals injected with the rye pollen. 

Note: I wish to refrain, at this time, from drawing any infer- 
ences as to the bearing of the above observations on the symp- 
tom complex of hay-fever in man. Further experiments are 
now being conducted on guinea-pigs and rabbits with the pollen 
of rye and also of ragweed. Observations on the latter pollen 
will undoubtedly have a more direct bearing on the human 
hay-fever question. 
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PROTEINS OF HORSE SERUM! 
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During the past five years it has been our custom to test for 
immunity to diphtheria and hypersensitiveness to horse serum 
all nurses and other adults who were later to go on service in an 
associated contagious hospital. Among these individuals there 
was encountered one whose endermal reaction to normal horse 
serum was unique, and is here reported because of its obvious 
and interesting relation to a not uncommon phenomenon of 
serum disease—that of recurrent rashes following a single injec- 
tion of unconcentrated serum. 


The subject is a healthy woman, born in 1897, who, in 1905, received 
a small prophylactic injection of diphtheria antitoxin. The source of 
the serum cannot be traced, but since concentrated preparations were 
in the experimental stage until Gibson’s investigations in 1906 we may 
securely assume that whole horse serum was used. No symptoms what- 
ever followed this injection. The subject is of a hypersensitive family 
if this is evidenced by maternal eczema, fraternal and sororal urticaria, 
asthma in a maternal second cousin, and personal urticaria in childhood. 
This allergic inheritance may well be an important factor in the peculiar 
type of hypersensitiveness now to be described. 

On March 3, 1920, she received on the volar surface of the forearm 
an endermal injection of 0.1 ml. of normal horse serum diluted 1 in 10. 
In about twenty minutes an itching wheal developed, reached its 
maximum size in about ten minutes, then measuring 1.2 cm. in diameter 
with a 3 cm. zone of erythema, and subsided in an hour. 


1 Presented at the tenth annual meeting of the American Association of Im- 
munologists at Boston, Mass., March 30, 1923. 
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Five hours after the test was made, there appeared at the same site 
a larger itching wheal 1.7 em. across with redness 3.5 x 4.5 em.; this 
reaction disappeared entirely in less than two hours. 

Some twelve hours after the test, intense itching suddenly called 
the young woman’s attention to her arm and at the same site there was 
observed another wheal and reddened area slightly larger than the two 
preceding reactions. A faintly pink area 6 x 8 cm. was still visible the 
next morning. 

Mechanical irritation, from scratching, was not a factor in the reap- 
pearance of the wheals and erythema. Later tests induced the same 
sequence of reactions. 


Naturally, this triple response led us to assume that it was 
probably due to multiple sensitiveness to horse serum proteins 
and that of them, albumin, euglobulin and pseudoglobulin, being 
the three predominant varieties, were most likely to be implicated. 
Accordingly these three were prepared from normal horse serum 
by appropriate, six times repeated, fractional precipitations with 
ammonium sulphate. The fractions thrown down at one-third, 
one-half and complete saturation were considered respectively 
as euglobulin, pseudoglobulin and albumin. One should not, 
of course, consider that these salting out methods give products 
which are pure and definite entities. It was felt, however, that 
several repeated partial saturations would in each case reduce 
accompanying fractions to such a small amount that no cross 
reactions would be produced in a moderately hypersensitive 
skin. Prolonged dialysis (forty-eight days) against distilled 
water was also used to separate the globulins obtained by the 
primary half saturation of diluted serum. The preparations 
finally obtained were dialyzed to remove ammonium sulphate, 
sterilized by Berkefeld filtration, tested for nitrogen content, for 
ability to react with an anti-horse precipitating serum, and for 
ability to excite endermal reactions of hypersensitiveness. 

The results of these tests are as follows: 
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Endermal reactions to separated proteins of horse serum 


TITRE 


png ¥ Rosen? ENDERMAL REACTION TO 0.05 ML. 
PRECIPITAT- 
ING SERUM 
per cent 
Wormalisérum).'.\5 0000... 0.12} 1:5120 | Wheal, erythema, and itching 
in 30 minutes; againin 5 hours; 
again in 12 hours 
Pseudoglobulin:;......¢5...... 0.03 | 1:160 | Erythema, 3 cm., in 60 minutes; 
moderate itching; no wheal 
Peeudoglobuliny D* 059.3414. | OV2 1:1280 | Erythema, 3 cm., in 60 minutes, 
followed by diffuse swelling 
Panpehotoalinay c.3) 53.) aie «sets oS 0205 |) 1246 Erythema in 5 hours; max- 


imum, 3 em., in 10 hours; 
no wheal, no itebing 

TERY soy oS PH Us SS Ds ee a OLO3 4h. f1\240 Erythema in 7 hours; wheal, 
1.5 cm., with erythema, 
4.5 cem., and marked itching 
in 10 hours 

AMD un, p24. Potts, Aha. BY ek 0.22 | 1:2560 | Erythema and diffuse swelling 
beginning in 7 hours; max- 
imum, 3.5 x 5. em., in 13 
hours; no itching 


None of these preparations caused a reaction in normal individuals. 


*D = separated by dialysis. 


Corroborative tests were made later with a concentrated anti- 
diphtheric serum and an albumin prepared by half saturating 
diluted serum with ammonium sulphate, adding three volumes 
of acetone to the filtrate, and dissolving the precipitate in a weak 
sodium bicarbonate solution (Coca’s extracting fluid). The 
concentrated serum, pseudoglobulin, induced a wheal with 
erythema and itching in thirty minutes; this subsided but was 
followed by mild erythema, without wheal or itching, which was 
most prominent about eight hours after the test. No further 
reaction appeared. Evidently not all of the euglobulin was 
removed in the refining process. 

The site of the injection of albumin began to show redness 
after seven hours and was most prominent in thirteen hours; there 
was no wheal or itching. 
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It is seen that the first reaction, in point of time, is induced 
by pseudoglobulin; the second by euglobulin, and the third by 
albumin. Further, the times at which these reactions appear 
correspond rather closely with the times at which the three 
successive reactions develop following a single injection of whole 
serum. Compared with whole serum, the slightly prolonged 
intervals between the injection and the appearance of the reac- 
tions to the isolated proteins may reasonably be attributed to 
their diminished solubilities induced by repeated salting out in 
the process of purification. It is likely, also, that this prolonged 
manipulation caused enough “denaturation” to account for the 
abridged character—usually an absence of wheal and pruritis— 
of the reactions to these fractions. Such an explanation is sub- 
stantiated by the similar character of reactions engendered by 
the original lot of whole serum which had been subjected to the 
“denaturing” influence of protracted storage in the cold. After 
one year, the wheal, which was a feature of all three successive 
reactions to fresh serum, had been replaced in the second and 
third, by a number of small white itching elevations closely 
surrounding the needle puncture. After two years, the primary 
wheal still developed, but no urticarial swellings whatever ac- 
companied the erythema of the two following reactions and 
itching was very slight. 

Rabbit serum has produced no endermal response. 

A mild endermal reaction was caused by a concentrated (1:50) 
extract of horse dander. Ordinary exposure to horses has never 
induced allergic symptoms. 

It may therefore be concluded that this triple reaction to horse 
serum is due to individually specific hypersensitiveness to the 
three most abundant proteins therein contained, and that, in 
point of chronologic sequence, the reactions are due respectively to 
pseudoglobulin, euglobulin, and albumin. 

Another individual has recently been found who reacts typically 
to whole serum in fifteen minutes and again in five hours. Pseu- 
doglobulin causes the early reaction; euglobulin is innocuous; 
albumin causes a reaction,—wheal, itching, and redness—after 
five hours. 
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RECURRENT SERUM RASHES 


Following a single injection of serum into the human body an 
eruption frequently develops after a variable incubation period; 
it lasts a few hours or days and then disappears. Sometimes it 
recurs and a number of instances have been reported in which 
the rash was observed in two, three or even four distinct, succes- 
sive periods. It has been estimated that about 6 per cent of 
patients who develop a serum rash have one or more recurrent 
attacks. These appear only when whole horse serum is used; 
following injections of refined antitoxin sera, pseudoglobulin, no 
recurrences were noted in Wells’ series of 9 cases or in the 129 
reviewed by Coca. 

It was suggested by Goodall that the successive crops of serum 
rash represent separate reactions to sera, of different horses, 
which may have been pooled. This explanation is improbable 
because pooled pseudoglobulins have not been observed to pro- 
duce recurrent attacks; because serum from one horse has pro- 
duced recurrent endermal reactions; and because there is more 
convincing evidence that successive crops are the manifestations 
of successive appearances, at different time intervals, of sensitive- 
ness to the different serum proteins—the explanation proposed 
by Dale and Hartley and substantiated statistically by Coca. 

There is ample evidence that euglobulin, pseudoglobulin, and 
albumin are endowed with readily distinguishable antigenic 
properties. Leblane (1901) obtained specific precipitins; Dale 
and Hartley (1916), Kato (1917), Doerr and Berger (1922), and 
Stern (1922) have observed relative or marked specificity of 
anaphylactic reactions. All of the recent investigations have 
disclosed the fact that the three proteins differ considerably in 
their antigenic ‘‘activities.” These diminish with increasing 
solubility in ammonium sulphate solution; euglobulin is the most 
active fraction, albumin the least active. Larger doses of albumin 
are necessary to sensitize and to shock guinea pigs than is the 
case with euglobulin. The latent period before hypersensitive- 


2Axenow, Daut, Davidson, Goodall, Hartung, Heubner, MacKenzie, von 
Pirquet and Schick, and others. 
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ness develops is appreciably longest with albumin. Incidentally, 
as Coca has shown, precipitin for egg globulin is produced earlier 
than for egg albumin. 

Davidson has recently conducted a detailed investigation of 
the various forms of serum rash and their relation to the proteins 
of whole horse serum. He recognizes three kinds of rash, 
urticarial, morbilliform and circinate; he considers that the 
diffuse erythematous type is probably due to scarlet fever. The 
average day of appearance of the rashes following injection is as 
follows: urticarial, the ninth; morbilliform, the twelfth; circinate, 
the fourteenth. There being these three types of rash, and three 
dominant specific varieties of proteins in whole horse serum 
Davidson concluded that each protein acts specifically in the 
human body to produce a certain type of rash. His correlation 
is as follows: Euglobulin produces the urticarial type because in 
experimental animals sensitiveness to euglobulin develops soon- 
est, and because when concentrated serum is employed, with 
removal of euglobulin (and albumin) the urticaria is almost 
totally eliminated. The latter contention may be disputed; 
Park states that with regard to concentrated serum the later the 
development of the rash the more likely is it to be urticarial 
in nature. Sensitiveness to albumin develops latest and therefore 
probably causes the delayed type of circinate rash. Pseudo- 
globulin probably causes the morbilliform eruption. Thomson 
also reports that the circinate rash develops late and is more 
frequent after a previous urticaria. 

Davidson’s conclusions are admittedly theoretical and based on 
obviously circumstantial evidence. The triple skin reaction 
previously described, however, is direct evidence that man does 
become specifically hypersensitive to the several horse serum pro- 
teins, and constitutes a hitherto missing link in the chain of 
evidence which strongly supports the theory proposed by Dale 
and Hartley. The chronologic relations are at variance. David- 
son would assign the primary reaction to euglobulin while in my 
observations the response to pseudoglobulin developed first. 
However, the relation of individual proteins to individual rashes 
awaits the testimony of direct experimentation. 
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It is rather puzzling to find a satisfactory explanation of the 
sequence of these endermal reactions. Is it to be ascribed to dif- 
ferent rates of diffusion of the proteins into the sensitive cells 
where the reaction takes place? I have found no pertinent data 
on the diffusibility of these proteins* but it seems unlikely that 
their rates should differ sufficiently to account for a delay of some 
hours in the development of skin reactions. Such latent periods 
are not observed when these proteins are brought into contact 
with specifically sensitive uterine strips. 

Is the sequence due to unequal degrees of skin sensitiveness 
to the three proteins? This again seems to lack adequacy as an 
explanation because in other examples of hypersensitiveness, 
notably to pollen, the time necessary for the development of a 
reactions in a highly sensitive patient is but a little less than 
when the test is made on a slightly hypersensitive patient. 
Reactions to pollen extracts may develop a very few minutes 
sooner to strong than to weak solutions but in the case under 
discussion the different concentrations of the protein solutions 
tested do not accord with the sequence of reactions because, 
although the albumin solution was the strongest of the three, 
it was by several hours the last to evoke an endermal response. 

Perhaps the reactions are not mediated by sessile antibodies 
already present at the site of injection; the latent period may 
represent the time necessary for some of the antigen to diffuse 
into the circulation, be carried to internal antibody reservoirs, 
there to initiate a mobilization of antibodies which gradually 
arrive at the site of injection, reach the threshold concentration, 
and an endermal reaction ensues. Inasmuch as there are well 
defined differences in the antigenic ‘‘activities’ of these proteins 
it may not be unreasonable to assume that the mechanism for 
mobilizing antibody for albumin may not be geared to as high a 
speed as that for pseudoglobuiin. 

One objection to this hypothesis is that when a specific anti- 
body forming mechanism has once been set in motion it responds 
to further stimulation with a more rapid shedding of antibodies 
into the circulation. Since the first tests were made on the 


? Viscosities: albumin < pseudoglobulin < euglobulin (Oswald). 
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individual under discussion, she has received a number of small 
doses of horse serum, nevertheless the time intervals between 
the three reactions have not been appreciably altered. 


SUMMARY 


A triple reaction to horse serum has been shown to be due to 
specific hypersensitiveness, to serum albumin, euglobulin and 
pseudoglobulin. Thereby the evidence that these proteins are 
severally and specifically concerned with the manifestations of 
recurrent serum sickness is strengthened. 
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Landsteiner (1), in 1901, discovered three human blood groups, 
and in 1902, Decastello and Sturli (8), pursuing the study with 
Landsteiner’s knowledge and encouragement, found the fourth 
group. Landsteiner recognized the existence in human sera 
of two isohemagglutinins, which were designated with the small 
letters a and b, or (by von Dungern and Hirschfeld (4) a and 
8 and two isoagglutinable substances in the corpuscles which 
were called A and B. 

In 1907, Jansky (2, 3) reported the existence of four human 
blood groups, the relation of the isoagglutination elements being 
- as presented in table 1. 

Two years later (1909) Moss (5) also described the four blood 
groups. Before publishing his paper Moss read Jansky’s article, 
and added a footnote giving Jansky’s numbering; but Moss 
offered another numbering in which the numbers of Jansky’s 
first and fourth groups were reversed. 

The Jansky numbering has been adopted on the basis of 
priority by the American Association of Pathologists and Bac- 
teriologists, the Society of American Bacteriologists, and the 
American Association of Immunologists as the official numbering 
of the four blood groups, and it will therefore be used exclusively 
by us in this paper. 

It has long been suspected that there were present in human 
blood isoagglutination elements other than the original two, 
and in February of this year, Guthrie and Huck reported the 
discovery of a third pair of isoagglutination elements, which, 
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to bring the terminology into conformity with the previously 
existing one, we will refer to as isoagglutinin ¢ and isoagglutin- 
able substance C. The relation of the exceptional individuals 
observed by Guthrie and Huck (7) to the four blood groups 
(Jansky numbering) is shown in table 2. 

In the course of a class demonstration of the two original 
pairs of isoagglutination elements, the serum of one of us (A. 
F. C.) a group I individual, was absorbed, first with the washed 
corpuscles of a group II individual (Levine) and then with the 
washed corpuscles of a group III individual (Sutton). The 
supernatant fluid, after these absorptions, no longer clumped 
the corpuscles of the respective group II and group III indi- 


TABLE 1 
| GROUP I GROUP II GROUP III GROUP IV 
Sonu. Pahl. SRE ab b a 
C@orpuscles:\2 fe) at ehaks bk A B AB 
TABLE 2 
GROUP I GROUP II GROUP III | GROUP IV 
ee eee oo ————e 
PETE PAS Ae ET Tis ERS OE Rais Cee es Ac ab b a | 
SOUR DRSCIER Ay. 5'..os law aes Salar See Meee A B AB 
‘ abe b c | 
Guthrie-and *Huck.4 2251s Sent... Fe: 
: AC B | 


viduals, but still possessed a vigorous power of agglutinating 
the corpuscles of a group IV individual (Johnson) which were 
agglutinable by the serum of both Levine and Sutton. 

This observation indicated the presence of another undescribed 
pair of isoagglutination elements, which we have designated 
as x (isoagglutinin) and X (isoagglutinable substance). It is 
evident that the agglutinable substance X is lacking in the group 
II and group III corpuscles that were used for the absorption, 
but is present in the group IV corpuscles. The subsequent 
study was planned to determine whether the x isoagglutinin is 
present in any group III sera, whether the isoagglutinable sub- 
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stance is present in group II corpuscles as well as those of group 
IV, and, finally, in about what percentage of the individuals of 
the different groups these elements occur. 

The technic employed in the study was as follows: To 1 ce. 
of serum was added, every two minutes, one drop of the washed 
corpuscular sediment with which the absorption was being 
carried out; it usually required about 8 drops of the sediment 
completely to absorb the respective isoagglutinin. 

The group III sera were examined merely by absorbing them 
with L.’s (X negative) corpuscles, and testing the supernatant 
fluids with L.’s corpuscles, and also with corpuscles, such as 
J.’s, that possessed the X substance. 

The group I sera were at first absorbed with both L.’s and 
S.’s corpuscles and tested, first with both those corpuscles to 
prove the completeness of the absorption, and then with J.’s 
corpuscles. After it was found that the X agglutinable sub- 
stance is present in some group II corpuscles, these were used 
instead of J.’s cells to demonstrate the presence of x agglutinin 
in the group I sera that had been absorbed only with L.’s or 
some other X negative group II corpuscles. 

The presence or absence of X agglutinable substance in group 
II corpuscles was determined by testing the corpuscles with 
X positive group I or group III serum from which all a agglu- 
tinins had been removed by absorption. 

In table 3 are presented the results of the examination of 
14 group I sera. 

It is seen that 11 of these sera possessed the agglutinin x, 
while 3 of them lacked it. 

In table 4 are shown the results of the examination of 11 
group III sera. 

It is seen that of the 11 sera, 7 possessed the x isoagglutinin. 
while 4 lacked it. 

The serum of A. F. C., group I, was absorbed with the cor- 
puscles of L., group I, until L.’s corpuscles were no longer 
agglutinated. The absorbed serum was then tested with 13 
other group Ii corpuscles, and caused agglutination in 11, and 
no agglutination in 2. 
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The serum of J. M., group III, was absorbed with the cor- 
puscles of L., group II, until L.’s corpuscles were no longer 
agglutinated. The absorbed serum was then tested with 9 
other group II corpuscles, and caused agglutination in 7, and 
no agglutination in 2. 


Total number of group II corpuscles examined..................206 23 
Corpuscles containing agglutinable substance X.................... 18 
Corpuseles not, contamine -X; -. 27 Sennisket eee eee ocean eros 5 
TABLE 3 
UNABSORBED TESTED AFTER ABSORPTION WITH L. AND S. CORPUSCLES 
GROUP AERA WITH CORPUSCLES OF TESTED WITH CORPUSCLES OF 
L iS} L. Ss J K 
1 (A. F. C.) arr aaa 0 0 siscte 
2 sip stasis a in 0 0 arc 
3 =o spa 0 0 2 Re = 
4 oa sipain 0 tv) 0 
5 feta ars 0 0 cme 
6 + =H 0 0 ++ 
“ Rae =P Se 0 0 +--+ 
8 shale eeate 0 0 Seat 
9 sia aires 0 0 =a 
10 RIE a Gis 0 0 0 
11 SR Srae 0 0 0 
12 35 = 0 0 == S555 
13 ATae crocs 0 +o: 
14 “eae aro 0 oiaats 
Totalmumber or group l’seravexamined’. .. +). ssace seen eee oe eee 14 
Sera containing isoagglutinin KX... 6. siccc c0.cdins.- ansegini-e BE ee 11 
ers Aacking WsO ae CUTE MN 6 acces pe vapapcymvelh ee kek ale ek ttt oe 3 


L. = P. Levine—group II—lacking agglutinable substance X. 
S. = H. B. Sutton—group III. 

. = 8S. Johnson—group IV—possessing agglutinable substance X. 
K. = H. Klein—group Il—possessing agglutinable substance X. 
+ = agglutination. 

0 = no agglutination. 


Only 2 group IV corpuscles were available for examination. 
These were tested with the sera of group I after the sera had been 
absorbed with the corpuscles of L., group II, and of 8. group III, 
and were found to be agglutinated by the absorbed sera. 
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The 2 group IV corpuscles were also tested with 11 group 
III sera, which had been absorbed with corpuscles of L., and 
agglutination was obtained with 7 of the 11 sera. 

In table 5 is given a summary of the findings in the material 
examined. 

Only a few group II sera were examined for the presence of 
agglutinin x. It is impossible for this agglutinin to exist in the 


TABLE 4 
UNABSORBED 
TESTED WITH AGTER ABSORPTION WITH L. CORPUSCLES TESTED WITH 
GROUDITISERA See CORPUSCLES OF 
L. L. J. D. K. Sp. 
i rier 0 me 
2 Sa 0 0 
3 ++ 0 0 
4 aimata 0 =e 
5 leet 0 0 
6 aia 0 0 
7 (J. M.) aE 0 teats ciate Fae 
8 iets 0 sacle oleate teat 
9 aie ats 0 —--F sleate “ealp aPaF 
10 Sloot 0 tects =F oleate eats 
11 etait 0 abe steals aie aae 
Total number of group III sera examined...............--seeeeeeee 11 
Sera containing isoagglutinin KX... 1... 6... eee eee eee eee eens 7 
Sera not containing isoagglutinin X.. 1.2.6.6... cece eee ee eens 4 


L. = P. Levine—group II—lacking X. 


S. = H. B. Sutton—Group III. 

J. = S. Johnson—group IV 

D. = Miss Dunn—group IV ‘ 

K. = H. Klein—group II PoseeAeine 2. 
Sp. = Miss Sperandei—group II J 

+ = agglutination. 

0 = no agglutination. 


serum of a group II individual whose corpuscles carry the ag- 
glutinable substance X; but it could be present in the serum of 
a group II individual whose corpuscles are X negative. Such 
a finding is, indeed, to be expected, if the well supported in- 
heritance theory of von Dungern and Hirschfeld applies also 
to the new pair of elements. 
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Von Dungern and Hirschfeld presented a large mass of evi- 
dence pointing to an independent inheritence of the A and the 
B agglutinable substances as Mendelian dominants. They 
referred to the hypothetical contrasting characters as Not A 
and Not B. Ottenberg’s modification of this view consists in 
his identification of the respective agglutinins as the contrasting 
characters. 


TABLE 5 

GROUP I GROUP II CROUOUP III GROUP IV 

(SERA) (CORPUSCLES) (SERA) (CORPUSCLES) 
Gta CASES dc < hintaan eure ae. | 14 23 11 2 
SGORtAIMIN ES 6 oii a. 6 ncinge ac 11 7 
Wathowtex. wees fecocie s 3 4 
Wonsaminie OX oh. 2. hoa ss | 18 2 
Witthouteere..2. 0.) ieatas os | 5 0 


According to this latter conception, the germ plasm con- 
stitution of the heterozygous X positive and X negative group 
II individuals should be respectively 


(X positive) (X negative) 
abx abx 
and 
bAX bAx 


Crosses of two such individuals would produce 


abx/abx = group I abx/bAx = group II 


serum—abx bx 
corpuscles— — A 
abx/bAX = groupII bAX/bAx = groupII 
serum— b b 
corpuscles— AX AX 


It is seen that when the corpuscles lack the agglutinable X, the 
agglutinin x should be found in the serum. However, when the 
serum of L. and that of P. (group II individuals lacking agglu- 
tinable X) were tested with the corpuscles of K. and of Sp., both 
possessing agglutinable X, no agglutination occurred. Ag- 
glutinin x was thus absent from both the tested sera. This 
result merely confirms the general experience that there is no 
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clear subdivision of any of the four blood groups, although there 
is some evidence of a slight subdivision. Ottenberg (9), for ex- 
ample, wrote: ‘“Members of this group (group III) sometimes 
show slight individual irregularities, . . . . the sera oc- 
casionally agglutinating the cells of some, but not all, other 
members of the third group itself.’ Unger (6) also states: 
“Tn the course of performing many thousands of tests prelimi- 
nary to transfusion, I have occasionally noted that, although 
the donor and patient are of the same group, when the bloods 
are tested one against the other, a small number of agglutinated 
clumps of blood cells will be seen . . . . although their 
cells fell definitely into groups II or III, their serum gave minor 
agglutinative reactions against cells of patients of the same 
group.” 

The negative finding just described seems to indicate that 
agglutinable X is not related to agglutinin x as dominant to 
recessive character. 

As we remarked in our preliminary report, the possibility of 
the X pair of blood elements being identical with that described 
by Guthrie and Huck must be considered. Dr. Guthrie was 
kind enough to send us, in excellent condition, the serum and 
corpuscles of some of the individuals that had been examined 
by him. Of these specimens, only the corpuscles of H (group Il 
lacking C) and of D. J. (group II possessing C) lent themselves 
at all to our purpose. We found, it is true, that the H corpus- 
cles lacked also X, and the corpuscles D. J. possessed this sub- 
stance, but from this outcome of the tests it cannot be learned 
whether the C and X substances are identical or not. This 
could only be determined with the aid of the serum of C. T. 
with which reagent Guthrie and Huck made their original dis- 
covery of the C substance. Unfortunately, this serum is prac- 
tically inaccessible. The only alternative in this situation 1s 
to compare the percentage incidence of C in group I as observed 
by Guthrie and Huck with the incidence of X in group II as we 
have found it. 

The former figure is given by the Baltimore workers on page 
132 of the April number of the Johns Hopkins Hospital Bulletin 
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as one in every 4 or 5 bloods; that is at most 25 per cent. We 
have found the incidence of X in group II to be more than three 
times as great; that is (table 5) about 78 per cent. These figures 
indicate that C and X are different substances. 

Guthrie and Huck have proposed designating the individuals 
possessing the C pair with additional group numbers. ‘This 
would only further complicate an already much confused sub- 
ject. 

The blood grouping has always had a distinctly practical 
purpose and use in connection with the operation of blood 
transfusion, and, since the discovery of the C and X pair of 
blood elements has caused no subdivision of any of the groups 
with respect to transfusion, it would be a mistake to use these 
inconsequential differences within a group as a ground for 
adding to the number of the groups. 

Exceptionally, individuals are encountered whose blood 
constitution makes it questionable in which of two groups they 
should be classed. However, no practical advantage can be 
gained by classing these unusual individuals outside the four 
groups. 

The finding of the X pair, as well as of the C pair, has revealed 
an unsuspected complexity of constitution of the known groups, 
without, however, changing their practical mutual relationships 
with regard to blood transfusion. 


SUMMARY 


1. A new pair of isoagglutination elements is described oc- 
curring in a high percentage of all the four blood groups. 

2. The agglutinin x was found in about 75 per cent of group I 
sera, and about 60 per cent of group III sera. The agglutinable 
X was found in about 75 per cent of group II corpuscles and in 
both of the two group IV individuals examined. 

3. The relation of the isoagglutination elements in the four 
groups, including the C pair of Guthrie and Huck, may be 
represented according to the Jansky numbering as follows: 
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GROUP I | GROUP II GROUP III GROUP IV 
SITE eae ee ee abx (c) b ax (c) 
Worpusclesh. +. cose cae cs hor AX (C) B ABX 


4. The discovery of the new isoagglutination elements in 
no way alters the practical status of the four original blood 
groups. 

5. The X pair seem not to be inherited as Mendelian alle- 
lomorphs. 
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The inheritance of the Landsteiner isoagglutination elements 
of the human blood has been studied in two different respects. 

Von Dungern and L. Hirschfeld (1) and, later, Ottenberg (2) 
and also Buchanan (3) have investigated the mode of transmis- 
sion of the elements from generation to generation by the 
examination of the blood in parents and offspring. 

L. Hirschfeld and H. Hirschfeld (4) on the other hand, have 
studied, in about 9000 individuals, the percentage distribution 
of the four blood groups in the different human races, and, in 
this way, these authors have obtained statistical data which 
seem to provide indirect evidence as to the manner of trans- 
mission of the blood elements, and which also offer a new means 
of studying racial relationships. 

The evidence referred to lies in the Hirschfelds’ observation 
that the percentages of “found” I and IV (Jansky) groups in 
the different races approximate the respective percentages which 
they calculated from those of groups II and III. This ealcula- 
tion was made on the basis of their assumption that if, as von 
Dungern and L. Hirschfeld believed, the Landsteiner isoagglu- 
tinable elements A and B are transmitted as independent 
Mendelian dominant characters, their combined appearance in 
group IV (Jansky) must depend upon the chance mating of 
individuals of group II (possessing the A substance) with those 
of group III (possessing the B substance). Conversely, on the 
same theory of the inheritance, the authors calculated the prob- 
able incidence of group I from the chance matings of indtivid- 
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uals lacking both A and B as found by subtracting the per- 
centage incidences of these two elements (the sum of IT and IV 
(Jansky) and III and TV respectively) from 100. 

The agreement between the calculated percentages and those 
actually found was not exact, but it was so close that it indicates 
the correctness of the theory of the inheritance adopted by von 
Dungern and Hirschfeld and supported by the larger study of 
Ottenberg. 

The more striking outcome of the Hirschfeld’s investigation is 
their discovery that the percentage occurrence of the four blood 
groups differs distinctly and, in some cases, widely in the different 
races. This discovery, as we have said, disclosed a new method 
of studying racial relationships, and, as we had the opportunity 
during our study of the incidence of serum disease in the Ameri- 
can Indian, we have taken advantage of it to investigate the 
question of the relation of the American Indian race to the north- 
eastern Asiatic races (Chinese, Japanese, Koreans). The mak- 
ing of such an investigation was suggested by the generally 
credited theory that the American Indian is of Mongolian origin 
and reached the American Continent by way of the extreme 
northeastern point of Siberia. Of the Asiatic races, we ourselves 
were able to examine only the Chinese. However, through Dr. 
M. Kosakai, we are indebted to Dr. Fukamachi (5) for his study 
of the Japanese and Koreans, as well as the Chinese, which has 
just been received. 

Our examination of American Indians was made jn two series 
upon full-blooded individuals of many different tribes. 

The first series was a short one, comprising 112 Indian students 
in Haskell Institute, of whom 74 were in group I, 30 were of 
group II, 7 were of group III, and 1 was of group IV. The 
percentage occurrence of the four groups was thus 66, 27, 6, 
and 1. 

The second series comprised 862 students (341 in the Chilocco 
Indian School, Oklahoma; 434 in the United States Indian 
School at Albuquerque, N. M.; and 87 in Haskell Institute, 
Lawrence, Kansas). Of these 670 (77.7 per cent) were of group 
I, 174 (20.2 per cent) were of group II, and 18 (2.1 per cent) 


BLOOD GROUPS AMONG AMERICAN INDIANS 489 


TABLE 1 


Showing the percentage occurrence of the four human blood groups in the different 
nationalities and races 


JANSKY GROUPS 


I II III IV 

oO A B AB 
Caleu- Caleu- 
inter Found |, Found inted 


L. and H. Hirschfeld 


Mintishewer Sse Ute. Sees tee Re Be a 47.9 | 46.4 | 43.4 (have |) aie) || estan 
ABO A, Sepa RE OOO ENS ee aD. Cees 46.6 | 43.2 | 42.6 | 11.2 3.0} 4.8 
Sige D TSUN Re AS 5 ost va de ey Toe yate Arcahenske &.cickes« 49.5 | 47.2 | 38.0] 11.0! 3.8] 4.2 
KGELINGN MR ane fee ee ee en Me ore 43.1 | 40.0 | 48.0] 12.0} 5.0) 5.1 
VANISUDIAINA AE Hc Seed ABER, Mot whe settee ole 42.6 | 42.0 | 40.0} 10.0} 8.0] 4.0 
SED My eee ee met tne ae AO Tal oSe ONAL SulelLosG) |p 24:00 ono 
(Cigar Re ee 43.4 | 38.2 | 41.6 | 16.2 4.0 Gan 
|S USITN TER a AOE RN an ei 42.3 | 39.0 | 40.6 | 14.2 6.2) | ro28 
PANEL er cc rer re eer Se, Sea 47.5 | 43.6 | 32.4] 19.0] 5.0 6.5 
ei kacey arene pete dye. Paks ete Rees Bd S9E9) S628) | oSe0) | 1S8sGcle 626) eeweO 
IRIS SOITG Sako he ee eee A hse oe eas oe AAD) | 40.7.) ole2s| 218) |) Gud iGas 
JEN o coe ae aE ee ee ae G40) kane i ooed) || Zone 50) tO 
Liha Gd CERES ASUS tn i i OR a 4925) |F45 25"! 26.25 (8230701 (4e5 1 Gne 
EENOES SCHED.) A...thicls herd de hk eelonte:. ca AT <6 1943 D>)(22°6. 295271) 5:00}: 6x6 
PAIITAG GCSES Ecc occ wtee ett suyoretten tate ogee ot « AD). 33/4220 22-4" 2824. Ween, Ose 
Ihave gate Oe 8 EO RO See een aoe AS th |Lolso. | LOOM 4 so Sao 7.8 
Kilgore and Liu 
Ghmese (lognet ony diene thy arf) | 33.9 | 28.0 | 36.0 | 25.0 | 11.0] 9.0 


Liu and Wang 


Cine) | 36.4 | 30.0 | 25.0 | 34.0 | 10.0] 8.5 
Fukamachi 

Tipe tees ota Mian pal asda | 30.6 | 26.8! 40.9|18.4|13.9] 7.5 

eeorennisy ee fees FEY, RN OY 33224|'28.1 783208. 2614cl 127 she 

Miancemuss(North)i)403. ace oc lalood: 34.6 | 26.6 | 26.63] 38.2] 8.5 | 10.1 

immerse (South). 5. c5e..6s.00.-s-.-->:| 41.4 | 37.4 | 28-6 Palas 8.5 es 

Chinese (Central)...........000.000000. | 38.2 | 31.1! 37.8] 24.41 6.6| 9.2 

CBT SS Cold) eal dat a | 87.6 | 30.9 | 31.2] 29.3] 8.4] 9.1 
C. and D 

inmeseas cates lite ena h ein) some Tei. 35.4 | 29.0 | 3250 | 29:0.|.10.0 |: 9:3 

PAUTECTACGLTUMUILA LOTUS ie asc tern ~ cele sic clnc.lete ae MeL batt | eae | 2.1 | one 0.4 
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were of group III. No individual of group IV was encountered 
in this series. 

We are prevented from combining the figures of these two 
series on account of the fact that some of the students in Haskell 
Institute were inadvertently included in both series. 

The difference between the figures of the two series is con- 
siderable, yet both results show in common a high percentage of 
group I with a corresponding low percentage of the other three 
groups. 

Through the kindness of Miss Tsae Kwong, student of medi- 
cine in Cornell University, and with the assistance of Ella F. 
Grove, we obtained the opportunity of examining the blood of 
111 Chinese students on the occasion of their annual conference, 
which was held at Ithaca in the Fall of 1922. Of these, 32 were 
of group I; 36 of group LI; 32 of group III, and 11 of group IV. 

Since we made these examinations, we have learned of the two 
previous studies of Kilgore and Hua Liu (6), who examined 100 
Chinese, and of Heng, Liu and Wang (7), who examined 1000 
Chinese. In these latter two studies, the Chinese were not 
grouped in accordance with their geographical origin (North, 
Central, South) as in the study by Fukamachi. 

In table 1, are presented, for the purpose of convenient com- 
parison, the percentages of the occurrence of the four groups in 
the different races, as found by the different observers. 

While the results of the examination of the Indians do not 
permit very far reaching conclusions, they do give distinct indi- 
cations in two directions. 

In the first place, notwithstanding the striking difference be- 
tween the percentages found in the Indians and those of all other 
races, the percentages calculated on the basis of the von Dungern- 
Hirschfeld assumption are remarkably close to the corresponding 
observed percentages. 

Secondly, the findings indicate no closer relationship of the 
Indians with the Eastern Asiatic races than with any of the 
others. This does not deny at all the current view of the origin 
of the American Indian; it only offers further evidence as to the 
antiquity of the race as such. 
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In view of the high proportion of the group I individuals 
(nearly four-fifths) among the Indians, the possibility must be 
considered that the Indians became separated from the rest of 
the human family before the appearance of the isoagglutination 
elements, and that the existence of those elements in some of 
the individuals examined is due to an admixture of white blood. 
The fact that all of the individuals are listed as full-blooded 
Indians in the Government records does not weigh against this 
suggestion, because those records cover only the more recent 
decades, and list, as full-blooded Indians, numerous individuals 
who betray in their outward characters an admixture of white 
or negro blood. 

REFERENCES 
(1) von DunceErv, E., AnD HrrscuFe.p, L.: Ztschr. f. Immunitatsf., 1910, 6, 284. 
(2) OrreNBERG, R.: Jour. Immunol., 1921, 6, 363; 1923, 8, 11; Jour. Amer. Med. 
Assoc., 1921, 77, 682; 1921, 78, 873. 
(3) Bucuanan, J. A.: Jour. Amer. Med. Assoc., 1922, 78, 89; Amer. Jour. Med. 
Sci., 1923, 165, 675. 
(4) Hirscurexp, L., anp Hirscurep, H.: Lancet, 1919, 2, 675. 
(5) Fuxamacui, H.: Jour. Immunol., 1923, 8, 291. 


(6) Kitgore, A. R., anv Liv, J. Hua: China Med. Jour., 1918, 32, 21. 
(7) Liv, J. Hence, anp Wana, H. S.: The National Med. Jour., 1920, 6, 118. 


alias tect by cis, Aap echekegerg tO a, 
at preset vdPearhilel ont qeatn ed tenet oohVag 
Wi tie orlt Pedi swine aan? sectereendfl i Ae 
(robhatsip iyo ete! och Aah! Gd Mic Topeley aaa 
Tian! «1 conplie edit Wo son hiteele pyar wi aie 
Bbedhietikio  eetebehs ico opted Dhaionsvelar we? 
Defiesthili.? ac Selb otr fen liteiinaaiete tie ae et) 
Sih ienisat iyiveior ov) wiioiee omarion. Wa y 
feetoe wim eft ylito 1702 stgort ped? senesced, (OR 
alailivthat aieoulitte sani aliaieetd tii, hats roe etree 
eitier hs igs ann ld aes bey cata Ep ‘ee te pie 
nae, Wr <o ee Near at: 7, pvc 
rs «f e997 on 5 sb hy un. eae nwa? ee ay f 
PEO PE WOU ok VAdioat TU ate on. 2 area 
std ie wate ee): 1 Coy: ie De Genel Dale 4 oom 
4 x area vies ae, aah » eal ams ae .. 
Bae pal pee sin GY tee a fe legl, vaiethy thea bej ate oe , 
ianerbdepeienre taka, Te aie it aa 
im ‘TT R8 Gey rev DIST Arete. ae Tose 
oye Te UN DS de he tern yg " pee 


i Gk Bite» auiih cteigianant) ma : Juke , ; 
WP. er vont att Dt es ad: fr re ete 


i 
ie 


a 
Sit ad = 
¢ i 
( a ® ‘ 
= an Yi 
fos) ibaa 
’ 
» ip i vive 
} pre b 
j = | : £ - ; 
Dil H ¥ ey TAMA 


AGGLUTININS FOR BACTERIUM PULLORUM IN 
HENS’ EGGS 


F. R. BEAUDETTE 
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INTRODUCTION 


In studying the antibodies produced by Bacterium pullorum 
it occurred to the writer that, since the albumin of the egg may 
be considered physiologically as a secretion, and that antibodies 
have frequently been detected in secretions, antibodies for 
Bacterium pullorum might be present in eggs from hens known to 
be infected with this organism. 


EXPERIMENTAL 


Eggs were collected from several hens, the serum of which 
agglutinated Bacterium pullorum. The albumin of the eggs of 
some of these hens was used in place of the serum in making the 
agglutination test. The results of the preliminary tests were 
so striking and definite as to indicate the possible use of egg 
albumin in place of blood serum in detecting infected hens. The 
advantages of such a method are quite evident and a more careful 
study of the problem seemed desirable. 

For this purpose 16 hens, 10 reactors, 5 non-reactors, and 1 
questionable reactor, were isolated and, as far as possible, kept 
under the same environmental conditions during the experiment. 
The hens were trap nested and a complete record kept of all eggs 
laid. The albumin of all eggs laid during the experiment was 
tested for agglutinins. The agglutinin titer of the blood serum 
for Bacterium pullorum of each hen at the beginning and at the 
end of the experiment is recorded in table 1. 
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From the results obtained in table 1 the following birds were 
considered as having an ovarian infection: 1, 2, 3, 4, 5, 6, 7, 8, 9, 
and 10; while fowls No. 12, 13, 14, 15, and 16 were considered as 
not being infected. It is evident that hen 11 gave a negative 
reaction when tested July 14, but a typically positive reaction 
when tested September 15. Possibly this difference in serum titer 
is due to the fact that the test made September 15 was incubated 
for a longer period. However, this seems to have made little 
difference in the results obtained. In fact, Fowl 3 did not show 
as high a titer on September 15 when the test was incubated for 
twenty-four hours in the incubator and eighteen hours in the ice 
box, as it did on July 14, when incubated only sixteen hours. 
Considerable variation is noted in the titer of the blood serum of 
reacting birds. Some are capable of clumping the antigen in 
high dilution, whereas others cause just sufficient agglutination to 
be classed as infected. 

in addition to studying the agglutinins of the eggs, cultures for 
Bacterium pullorum were also made. Since Gage (1) has shown 
that a preliminary incubation facilitates the isolation of Bacterium 
pullorum all eggs were accordingly incubated from one to eight 
days at 37°C. before the tests were made. 


METHOD OF PROCEDURE 


Immediately before withdrawing the albumin from the eggs 
they were placed in a 2.5 per cent solution of phenol for a few 
minutes. The eggs were removed from the phenol solution with 
sterile forceps, the large end was flamed and an opening of 
sufficient size to admit a pipette was made in the shell. One- 
half of a cubic centimeter of the thin albumin was withdrawn and 
thoroughly mixed with 1.5 cc. of saline in an agglutination tube. 
From this were prepared progressive dilutions up to 1:32. To 
each tube was then added 1 cc. of antigen. The antigen was 
prepared by mixing the agar slant growth of three strains of 
Bact. pullorum in normal saline. This was heated to 60°C. 
for thirty minutes and 0.5 per cent phenoladded. The tubes were 
incubated at 37°C. for various lengths of time (sixteen to sixty- 
five hours) after which they were placed in the ice box and held 
for twenty to fifty-five hours. 
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In all, 345 eggs were tested from the 16 experimental birds. 
The agglutination titers are recorded in table 2. 

The results in general seem to show that the albumin of eggs 
laid by infected hens agglutinates the antigen from a partial to 
a complete degree in 1:8 dilution; whereas, the albumin of eggs 
from non-infected hens rarely agglutinates the antigen more than 


TABLE 2 
Agglutinative power of egg albumin on Bact. pullorum antigen 
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a trace in this dilution. This was true in all but 1 case, hen 7. 
The serum agglutination titer of this hen would indicate that she 
was a reactor, but the albumin of her eggs failed to clump the 
antigen. There does not seem to be a correlation between the 
serum and albumin titers as some birds which show a relatively 
high serum titer gave a comparatively low albumin titer and 
vice versa. 

To sum up the results given in table 2 the reacting fowls (when 
serum was used), excluding fowl 7, gave the following titers when 
egg albumin was used in a 1:8 dilution. 
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Summary of table 2 


1:8 DILUTION EGG ALBUMIN 


FOWLS EGGS Degree of agglutination 
peice gl. ett veh geet - 0 
9 91 | 28 | 42 | 13 4 4 
| | pote. Oe Ts 
Bercenti 0.1) a | 30.76 | 46.15 | 14.28 | 4.30 | 4.39 


A summary of the results given in table 2 for fowls reacting 
negatively to the serum test. 


1:8 DILUTION EGG ALBUMIN 


FOWLS EGGS Degree of agglutination 
saa aie (ae oa ae - 0 
5 191 0 | 1 32 55 103 
Ber iGen beeen te ke 0.0 | 0.52 16.75 28.79 53.92 


The results seem to show that albumin from the eggs of hens 
reacting positively to the serum test is capable of clumping a 
Bact. pullorum antigen to a very marked degree and in some cases 
completely, whereas the albumin of eggs from non-infected hens 
rarely agglutinates the antigen to this extent. 

An examination of table 1 will show that hen 11 was not a reac- 
tor when tested on July 14, but when tested two months later 
gave what should be considered as a positive reaction. ‘This is 
interesting and may be taken to indicate that she became infected 
as an adult. Along with the increase in serum titer an increase 
was noted in the ability of the albumin from her eggs to clump the 
antigen. This point is shown more clearly in table 3. 

It will be noted that considerable time elapsed between the 
laying of eggs 16 and 17. Just why there should have been a 
resting period at this time is not known. The presence of a 
“soft shell’ in the case of egg 15 might be significant. Eggs. 17, 
18, and 19, all contained bloody material indicating an abnormal 
condition and in the case of egg 17 plate cultures showed a 
staphylococcus. 


~~ 
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TABLE 3 
Agglutination of Bact. pullorum antigen by albumin of some of the eggs from hen 11 
ALBUMIN DILUTION 
EGG NUMBER LAID 

1:8 1:16 1:32 1:44 
14 8/16 0 0 0 0 
15 Soft shell, titer not determined 
16 8/9 0 0 0 0 
17 9/25 ST io +E oe = ise 
18 9/27 attr siestiat aRarae “F 
19 9/28 5 a a 5 is at a ee Be & caotnain 

CONCLUSIONS 


1. The albumin of eggs from hens infected with Bacterium 
pullorum contained agglutinins specific for this antigen (exception 
in the case of fowl 7). Albumin of eggs from non-infected fowls 
rarely clumped the antigen above a trace in the 1:8 dilution. 

2. Agelutination in the case of infected hens is most marked 
when a 1:8 dilution of egg albumin is used, though in some 
instances complete agglutination was observed in a 1:64 dilution. 

3. There seems to be no correlation between serum and albumin 
titer. 

4. One fowl (11) gave what appeared to be evidence of having 
acquired the ovarian infection as an adult as was shown by an 
increase in albumin and serum titer. 
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Monovalent botulinus antitoxic horse serums types A and B 
have been prepared in this labceratory for prophylactic and 
therapeutic purposes. Although only a small number of animals, 
five horses, were used in this work, a record of the results of the 
methods employed is of interest and illustrates how differently 
horses may respond to immunization with these toxins. 


Kempner (1), Forssman and Lundstrom (2), Graham and Brueckner, 
(3), and Dickson and Howitt (4) have reported on the production of 
fairly potent monovalent antitoxic goat serums. Kempner lost one goat 
out of three with chronic botulism. Dickson and Howitt found that the 
three goats used varied so in their reactions to the toxins that no stated 
method of immunization could be followed. 

Leuchs (5) and Hart and Hayes, (6) produced monovalent horse 
serums, but methods of testing the toxins and serums vary so much that 
a comparison of the results is difficult. 

Bengston (7) made tests on a limited number of polyvalent antitoxic 
serums according to the standard of the United States Hygienic Labor- 
atory and concluded that it is apparently difficult to produce satisfactory 
polyvalent serums, antitoxin of one or the other type usually predomi- 
nating. The serums tested contained from 2 to 40 units type A anti- 
toxin, the type B antitoxin being much stronger. The highest titer 
obtained was 450 units. 


TOXIN PRODUCTION 


The type A toxin used was prepared with strain A 16 received 
from Prof. M. J. Rosenau of Harvard University. 
501 
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Two type B strains were used for producing toxins: one the 
Nevin strain, isolated by M. Nevin in this laboratory in 1914, 
the other a strain received from Professor Rosenau. 

The regular van Ermengen broth was used with the following 
slight modification. In preparing the medium, the dextrose 
was omitted and the broth adjusted to pH 8.4 before steriliza- 
tion, thus avoiding the increase in acidity which occurs during 
the sterilization of an alkaline dextrose medium. Sufficient 20 
per cent dextrose solution to make a final 2 per cent was added 
at the time of inoculation. 

Liter flasks of the broth inoculated with twenty-four to forty- 
eight hour broth cultures of the organisms were incubated at 
33° to 35°C. for five weeks. The toxins were then preserved 
with 0.5 per cent phenol and filtered through pulp and finally 
through a filter candle to insure sterility. The potency of the 
toxins was determined by the subcutaneous method, according 
to the standard of the United States Hygienic Laboratory, the 
minimal fatal dose being the amount of toxin which, when in- 
jected subcutaneously, will kill a guinea-pig weighing 250 grams 
in about ninety-six hours. 


ANTITOXIN PRODUCTION 


The monovalent antitoxic serums were produced by subcu- 
taneous inoculation of horses with the homologous toxin. All 
but one of the five horses used had at times during the 
previous three or four years been under immunization with 
other toxins or bacterial antigens but had been allowed to 
rest for several months and were in good physical condition 
when immunization with botulinus toxins was begun. The titer 
of the serums was determined by testing against a standard toxin 
according to the method prescribed by the United States Hy- 
gienic Laboratory in which one-tenth unit of antitoxin protects 
against one test dose of toxin (about 100 M.F.D.’s). Bleedings 
of eight to nine liters were taken when the titer was sufficiently 
high. The serums were preserved with 0.3 per ‘cent cresol and 
filtered, after three or four weeks, through a filter candle to 
insure sterility. 
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During the preparation of these serums, three methods of 
immunization varying slightly from one another were employed. 


Method I. Frequent injections of toxin with rapid increase in dosage: In 
this method, used with type B toxin of one strain, subcutaneous in- 
jections of toxin were given at three-day intervals starting with an 
initial dose of 7 M.F.D. of toxin and increasing the amount 40 to 50 
per cent at each succeeding injection until the dose was 50 cc. Increases 
of 20 to 50 ce. of toxin were then made till the maximum dose of 500 ce. 
was reached. For the small doses, toxins of low potency M.F.D. 
0.005 to 0.001 ce. were used. Later, toxins of higher potency were 
substituted. The first ten doses given by this method were 2, 3, 
1, 2, 5, 10, 20, 50, 75, 100 M.F.D. of toxin. Three months after immun- 
ization was started the titer of the serum was about one unit of anti- 
toxin per cubic centimeter. The maximum dose of toxin given thus 
far was 60,000 M.F.D. (60 ce. of toxin M.F.D. 0.001 ec.). At the end 
of five months when bleedings were taken, the titer of the serum was 
150 units of antitoxin per cubic centimeter. At this time 500 ce. of 
toxin M.F.D. 0.0001 cc. were being given. 

This same method was used in beginning the immunization of two 
horses with type B toxins of the other strain. The animals died with 
typical symptoms of botulism after the tenth and twelfth doses of toxin 
(100 to 140 M.F.D.). Another horse was then given repeated injections 
of 25 M.F.D. of toxin at three-day intervals to determine the cumulative 
effect of sublethal doses. Two days after the sixth dose, the horse 
developed typical symptoms of botulism and was killed. 

Since apparently some horses would not respond readily to rapidly 
increasing doses of botulinus toxin, the method of immunization was 
modified. 

Method II. Slow increase of dosage with intervals of rest: This method 
was used for immunizing one horse with type A toxin. A series of two 
doses of toxin was given on successive days followed by a rest of seven 
days. After the first two series of doses of x's and § M.F.D. and 1 and 2 
M.F.D. of toxin, the increase in the amount of toxin given in any one 
series was very gradual, not more than 5 to 10 M.F.D. Four months 
after immunization was started the serum had a slight protective action 
but the titer was still less than 1'o unit of antitoxin per cubic centimeter. 
At the end of five months the total amount of toxin given in the two 
doses of a series was 300 M.F.D. or 0.3 cc. of toxin M.F.D. 0.001 ce. 
The titer of the serum was between 1 and 10 units per cubic centimeter. 
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The doses of toxin were then increased more rapidly. At the end of 
seven months the titer of the serum was less than 50 units of antitoxin 
per cubic centimeter. The horse was in poor physical condition and 
was given a rest during which time he died but there was no evidence 
of botulism. 

Method III. Frequent injections of toxin with slow increase in dosage: 
Thismethod was tried with one horse immunized with typeA toxin. Doses 
of toxin were given every third or fourth day as in the first method, but 
the amount of toxin given at each injection was increased very gradually. 
Thus, starting with an initial dose of v's M.F.D., the first ten doses of 
toxin were v0, 1'v, $, 1, 2,4, 6,8,12M.F.D. This gradual increase in the 
doses of toxin was continued for the first three months at which time 
the maximum dose given was 390 M.F.D. or 0.39 cc. of toxin M.F.D. 
0.001 ce. The titer of the serum at this time was a little less than 1 unit 
of antitoxin per cubic centimeter. The doses of toxin were then in- 
creased rapidly, increases of 40 to 50 per cent being given as in method I, 
till the dose of toxin reached 50 ec., then increases of 20 to 50 ec. up to 
the maximum dose of 500 cc. The titer of the serum six months after 
immunization was started, when bleedings were taken, was 1400 units 
of antitoxin per cubic centimeter. Toxin of higher titer, M.F.D. 
0.0002 ce., was substituted for the 0.001 cc. toxin but there was no 
marked increase in the titer of the serum up to the time immunization 
was discontinued two months later. 


While the number of horses immunized by any of the above 
methods was so small that no definite conclusions can be drawn 
as to the relative value of any one method, the results suggest 
that the third method, of frequent injections of toxin with slow 
increase of dosage, may have certain advantages over the other 
two, since very potent serums can be produced by this method 
and there is less danger of animals succumbing during treatment. 


SUMMARY AND CONCLUSIONS 


Potent monovalent botulinus antitoxic serums, types A and 
B, were produced by immunization of horses with homologous 
botulinus toxins. The maximum titer of 1400 units per cubic 
centimeter was obtained with type A toxin. 

Not all horses respond to such rapid increases in the doses 
of botulinus toxin as were given in the first method of immuniza- 
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tion described. ‘Two of the three horses immunized by this method 
succumbed after the tenth or twelfth dose with typical symptoms 
of botulism. 

Antitoxin production with the one horse immunized by the 
second method (slow increase of dosage with intervals of rest) 
was slower than with the horses immunized by the other methods. 

The small doses of toxin given at the beginning in the third 
method of immunization (frequent injections of toxin with slow 
increase in dosage) apparently stimulated antitoxin production 
as readily as the larger doses used at the beginning in the first 
method (frequent injections of toxin with rapid increase in 
dosage) and with less danger to the animal. 
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